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ABSTRACT

Summ.ary tables show, for four lunar months (mid-sLmnmer, ,,:id-fall, mid-winter, and
¶id-spring), the number of hours in which the illumination exceeds levels i.n
8 decades from 1.5 x 10-6 lumens per square loot to 1.5 x 10+1 lumens pcr square

foot; the full tables list Lhe hours, day by day, in which the illumination

exceeds the same 8 levels. Note that the sum of the hours not exceeding and the
hours exceeding a given level equals a constant which is the total numnber of hours

in a lunar month.

So that these table! may be more easily understood, they also have been
plotted at levels of 1.5 x 10-, 1.5 x 10 , 1.5 x 10 and 1.5 x 10. These
curves show the number of h~urs per day as a function of date, the time that
terrestrial illumination equals or exceeds these values. There are separate sets

of tables for latitudes of 0, 30, and 60 degrees.
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PREFACE

The calculat,-ons reported herein were perfor•.ed for the Office of Cowmunicati-.:

and Electronics of ODDR&E at the suggestion of Lucien M. Biberman as an aid to under-

standing one of the many factors determnining man's ability to see at night.

The data are designed to indicate day by day for three latitudes the number

of hours when several nominal valu.es of nocturnal illuminance from sunlight and
moonlight are exceeded. The nominal values chosen cover eight orders of magnitude.

The tables presented herein are based upon calculations and approximations
employing circular orbits. Longitudinal effects are ignored.
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PART 1: SOME COMMENTS ABOUT UNITS AND NOMENCLATURE

Perhaps no branch of physics gives more difficulty with regards to nomenclature
than that portior concerned with radiant energy and power in the region of the

electromagnetic spectrum to which the eye responds. This stems from a number of
factors, possibly the most import being that ELht and related Luminous (or photo-

-.etric) quantities are not basic physical quantities but are defined directly or

indirectly through measures in which the physiological response of the human eye
(daylight adapted) is the means of measurement. As a result, we have the

definition:

Light is the aspect of radiant energy of which a human observer
is aware through the visual sensations which arise from the
stimulation of the retina of the eye .... Light thus defined is a
psychophysical concept. Light is not identified with either
radiant energy or visual sensation. The photographic process,
radiometric power and the erythemal potency are examples of
ocher aspects of radiant energy. Light, however, is t.he
aspect of radiant energy of which human observers are aware
"--uah the int~r--ediate agency of the eye and the sensation
and perceptions resulting from stimulation of the retina.*

Long ago, before precise understandings existed concerning radiant energy and

its derivative effects, there was a need for standards of light-related measures.

The standard candle was born--and now that physics has better means at its dis-
posa. tc create standards, and has done so, the older sperm-whale oil definitions

have been changed to take advantage of better radiometric stanuarcs, Duc--,,e

human eye is still the relating factor that transforms, both in fact and in -on-
cept, radiant power into light.

Thus, we have the problem of a precisely defined unit, the candela, which
when measured by an imperfect radiation detector, the eye, gives the "proper" value
of Light, but wher. measured by a perfect (i.e. , uniformly responding) instrumental

detector, produces too !reat a response. T•he pertect detector .neasures the radiant
property -.hile the eye -.easures the luminous property; the two are related. The

response curve of the light-adapted human eye, the relating function, is shown in
P"ig. 2.

•'The Science of Color, Optical Society of America, 1963.
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ZahlwAdamtel4ung: 4 0 0-5 bedeutet 4.00 104

FIGURE 1 The Photophic Response of the Eye

(Prof. Dr. Dietrich Hahn, Dr. Joachim Metzdorf,

Dr. Ulrich Schley, and Dipl. Phys. Joachim Verch,
Seven-Place Tables of the Planck Function for the
Visible Spectrum, Academic Press, New York, 1964.)
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FIGURE 2 Luminosity Curves for Seotopic (rod) and Photopic (cone)
V-sion. Since the Maxima are Arbitrarily Set at 100, these
Curves Give no Information About the Relative Sensitivity
of the Rods and Cones (Hecht and Yun Hsia, 1945)

One other problem looms. The science of photometry is the comparison of

light-related quantities. The problems of photometryj are straightforward whenever

one deals with a comparison of nearly monochromatic light. But when the colors

of light are different--the measurement of an intensive property of things that

are qualitatively different gives rise to the queasiness often experienced when

co-,paring apples and oranges. How does one compare the brightness of a yellow

lamp with that of a blue lamp?

Fortunately, the sensation of light may be stated to be proportional to the

integral of the radiometric power incident upon the retina multiplied by a retinal

response function. This function weighs each wave-lngth to which the retina

responds by an amount tc whi.ch the retina would respond if exposed to radiation

in which raditmetric power were equal at all wavelengvhs.

T. all tns -.-he co.-ez. t- a cefl -cn Df v, , w..hi 5 i. . o

of any photo-etric quaintrty tc its radionetric counterparts, i.e., the 1-:-nois

efficiency of radian-- enern'.. "Calculated in tertIs of luminous and raclt flux,

for instance, lu1ninosity

fl P

K ;K3
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The ratio of the integrals is the luminosity of P relative to the maximum

possible luminosity Km of radiant energy. This ratio may therefore be called the

relative luminosity of P and may be denoted by 7, so that K = Km. Although K

is customarily specified in terms ot lkmns per watt, any radiometric quantity _

may be multiplied by this factor to obtain the corresponding photometric quantity,

be it luminous flux, luminous energy, luminous density, luminous intensity, luminous

emitrance, luminance, or illuminance. "*

To add to all the above, we have English ,Lnits very commonly used and which

in this paper we shall use. These values of illuminance or illumination--terms

that are used interchangeably, although illuminance is preferred--are expressed

in "foot-candles," which are lumens per square foot. In our paper, both the

terms "foot-candles" and "lumens per square foot" will be used interchoP Ably.

Lastly, we have the terminology of the astrophysicist who goes his own way
with still a further set of concepts for radiometric terminology--we shall not

consider zhe stellar magnitudes, but we must consider surface brightness as
radiance, which when modified by eye response is luminance. The astrophysicists

use units of ergs/cin steradian second or photons/cm sterc iian second for surface

brightness (radiance).

Chamberlain, H~untar, and Roach defin- the u-.it Rayleigh as follows: If 1

is surface brightness in units of 106 photons/cm2 steradian second, the 4rtI is a
rayleigh.

The use of these units and their related systems of units, like multiple
foreign tongues, can be mastered only through frequent use.

John, W.T., The Science of Daylicht, Optical Society of America, !?b.
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r PART 2. INTRODUCTION

One of the many factors determining a man's ability to see at night is the amount

of light on the scene or illuminance. Astrophysical and geophysical phenomena

provide the sources uf illumination (illuminance) on the one hand and attenuation

on the other. Examples of the mcre significant natural sources of light are the

moon wid night glow (known as airglow); examples of sources which are not significant

and inappreciably affect night vision are light from the Gegenschein (see Fig. 4)

"and the planets.
(.

Luminance
Phenomenon candles /f

Milky way, dimmest region, near Perseus 1 x 1o-5

Gegenschein 1.5 x 10-5

Visible night glow (zenith) 2 x la-s

Milky way, brightest region, near Carina 4 x 1C-

Zodiacal light (30 deg elongation) 1.1 x 10-4

Visible night glow (edge-on) 6 x 10-4

Great Orion nebula M42 5.6 x 10"3

Full moon 4 x 10+2

Fluorescent lamp, 4500 white 4 x 102

FIGURE 4 The Luminance of a Variety of Celestial Objects. The Fluorescent Lamp
is Shown for Comparison (from Dunkelmon and Hennes, 1965)
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First let us discuss radiation sources and the irradiation upon scenes with-

out reference to their effect upon the eye. We shall use radiometric units and Iterminology.

It is practicable in discussing passive light sources to divide sources of

night irradiance into the variable and the relatively steady components. The

relatively steady component is made up of the night-airglow, or nightglow, the

Zodiacal light, and integrated starlight, all of which are frequently lumped

together and called light-of-the-night-sky. While we speak of this as being the I
relatively stable component of night irradiance, it is known from many obser-

vations that the nightglow, for example, varies frequently as much as a factor of

two and even more (up to a factor of five) from season to season, and it also has

latitude effects. However, compared to the variable component of the irradiance

available at night due to the moon, the light of the night sky indeed is quite

stable.

The variable component is, of course, the irradiance produced by the sun and
the moon. The lunar irradiance is a strong function of the phase of the moon and
the angle of elevation of the moon. In the case of lunar elevation, however, the

change of irradiance is very significant from moonrise to the time when the moon I
is up, say, 10-deg or so, and then from 10-deg lunar elevation to moonset. During

the period between the 10-deg elevation points, the irradiance varies very little
with lunar elevation. On the other hand, lunar phase (relative to the sun) is

extremely impoitant (see pp. A-12 and A-16).

The quality of moonlight is essentially that of sunlight (Dunkelman and

Scolnik, 1959; Malitson, 1965), but reduced considerably in irraoiance (due to

low lunar albedo) arid modified spectrally according to Fig. 8.

For problems more directly concerned with vision we now turn our attention

to eye related quantities and will use iluminous (photometric) quantities and

terminology.

Solar illuminrance for various solar angles of elevation and lunar illuminarce

for 3everal phases are shown in the appendix, taken trom the extensive work of
Brown (1952). Due to the difficulty in obtaining copies of Brown's work, it has

been reprinted as dn Appendix.

ror one interested in pursuing independent calculations, it should be
apparent that the spectral distriLution of solar irradiance outside the atmosphere

is well known (see curve M = 0, Fig. 5). This curve, however, is not the or:e that

applies to solar spectral irradiance at sea level. The strong spectrally dependent

processes of absorption and scatter modify the incident radiation from the sun

according to the path length traversed. The c'jrves labeled M 1 thl.ough 'A = ',

show the net results of the action of a "clear atmosphere" tor path iength5
euuivalent to air masses of 1 through 5.

!.%
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FIGUkE 5 Solar Spectral Irradionce Curves at Ser Level with Varying Optical
Air Mosses (From Handbook of Geophysics, USAF Air Research and
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FIGURE 6 The Spectcil Distribution of Light fromn a Clear Sky;
Also Shown is the Curve for a Blackbody at 11,500'K.
(From .I.W.T. Walsh, The Science of Daylight, London,
1961)

The colour of the clear blue sky is by no means uniform. Opposite
the sun the sky is bluer thort i! is in the sun's vicinity. The colour
tempercture on an exceptionally clear day may reach 60,0000 K
(16.7 mireds) but an overage for the zenith sky at Cleveland on a
large number of. ordinarily clear days was found to be 13,7000K
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FIGLUE 7 The Spectral Distribution of Light from Sun and Clear Sky

(From J.W.T. Walsh, The Science of Daylight, London, 1961)
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The radiance and color of the sky also appear to be as they are--instead of a

black star-studded dome--because of these same processes. This is illustrated in

Fig. 6. and 7.

At night the solar radiation reaching the earth has traveled through a long

path refracted possibly ten to fifteen degrees from below the horizon and multiply

scattered. Thus, the spectral content of the sunlight incident upon earth at

night is strongly modified from that incident upon earth at the outer fringes of

the atmosphere.

Moonlight 4's sunlight reflected from the surface of the moon. It is subject

to all the effects discussed above for sunlight, but in addition is also modified

by the selectivity reflective characteristics of the lunar surface (see Fig. 8)

and the attenuation of the inverse square of the path.

For detailed, precise calculation, all this must be considered. The con-

sideration of these factors resulted in a discrepancy (somewhat less than a factor

of two) between the relative value assigned to moonlight in this report (2.3 x

10-6 of solar illuminance for the equivalent solar angle) and the 3.0 x 10-l6 used

in the data of Brown. We have adjusted Brown's data accordingly in our calculations,

but have not modified his material reproduced in the Appendix.

• • ... ..... .'" "
................ ... ..9.........•..o..

* .-. *"

S. ,

t4

2"

300 340 380 420 460 500 540 580
la

Wavelength, mps

FIGURE 8 Relative Spectra! Reflectivity of the Moon
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PART 3: NATURAL ILLUKNANCE LEVELS

In nature, the range of illumination extends from 10,000 foot-candles, occurring

at high noon in clear sunlight (the sun produces an illuminance of approximately
12,500 foot-candles above the earth's atmosphere), down to 10-2 foot-candles at
full moon, 10-4 for clear mconless night sky and finally 10-5 for overcast nicht

sky.

To have a feeling for what these illuminance levels are, it seemns proper to

give a few examples of how well one can see and photograph at the illtzninance

levels. A young, trained observer can begin to be able to discern large high-
contrast objects at an illuminance level of 10-5 foot-candles. If the illuninance

is increased by three orders of magnitude to 10-2 foot-candles, which is the level
of full moonlight, seeing is much improved and it may be possible to make out

large newsprint. At the 10-2 foot-candles, it is barely possible to discern
color; a little more than an increase of one order c' magnitude is required before
color can- be readily distinguished. Att this level of more than 10"1 foot-cana!!as,

visual acuity becomes quite good and is very high at 10 foot-candles (the lcel

of good home and office lighting).

Lk"Motoic -sit,•,\ • /77/////i//IKoic, Ei,7/2///////ll/////
to~tllor.,•t$ i C • t • G i0.C1 t4 .? O

a 3 .S 6 7 9 1 '' ,2 ' 4 7 ' 1 20 2. 22 23 24 25 26 2?t

•.01 j *r 1U. .0ee P= -T+. -0 .0.m
S. .... . .t p +s.. . ,.-o.

FIGLRE 9 Ronne of Natural Illuminance Levels
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PART 4: THE CONSTANT COMPONENT

OF NOCTURNAL TLLUM)NANCE

The sources of passive light at night, as pointed out earlier, have been divided
into two major components, one being highly variable and the other relatively
stable. The former is moonlight, whose contribution we have seen varies from

zero (new moon) to more than two orders of magnitude (full moon) greatee than
z:har components (neglecting solar twilight). The relatively stable component,

the light-of-the-night-sky, is discussed in this section of the report.

1.' The light-of-the-night-sky, recently reviewed by Roach (1963), Krassovsky
and Sefov (1965), and others, consist* of three major sources: astronomical,

interplanetary, and geophysical. In picking out the relevant information and
numbers, the units used by each author will be given in the text but in the charts
and tablen of sunmary these are converted as necessary and only the more commonly
used uný:6 will be given. For example, Roach, in discussing the approximate
visual r. diation at various locations in the universe, uses as a unit of luminance,

S10 (vis), the "number of 10th magnitude (visual) stars per square degree" as shown

in Fig. 10 (from Roach, 1963).

In the work here we are concern~ed mainly with the colmn orn the extreme right.

In Of the 451 S1 0 (vis) units, 301 are of astronomical and interplanetary; 150 Sl 0(vis)
* units or one-third of the visible light-of-the-night-sky is of geophysical (air-

flow) origin. On a moonless night, then, these sources of light provide the flux
by which to see.

However, as is well known, these sources and the airglow irradiate the earth
t&roughout the visible region and well into the infrared, as is shown below with
an irradiance level several orders of magnitude higher than in the visible.

The nightglow (treated in the authoritative book by Chamberlain (1961), and
others") includes strong emissions, both atomic and molecular through the visible
and well into the infrared as shc'ii in Figs. 11 and 12. For references, Figs. 13

and 14, reproduced from Roach, show the strong OH spectral radiance distribution

Roach (1964), Krassovsky, Shefov (1965), O'Keefe et al (1963), Roach (1963),
Gush and Jones (1955), Krassovsky, Shefov and Yarin (1962), Hunter, Roach
and Chamberlain (1956).

15[
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FIGURE 11 Nightglow Emissions (largely from Krossovsky, Shefov and Yarin, 1962)
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Ld 6708 30 410 x 0 ! 8vcrar € sitrum intcary an thc .) 407000 A
icl 100)0 200O 1 9 x 20 t'*." rt•c•is given. The 1 916 A cmiton intensity

02 1446 J3 3 0 x 10 1 is of0 , •asuatd from observations in sumner

twilight in qui€at magnaa conditions.

fIGURE 12 Average Emission Intensities of the Night and the Twilight Sky
(From Krassovsky, Shefov, and Yarin, 1962)
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4172.9 1-1 OIl 24)) 6--)
4413.1 9-1 6173 12115 7-.4

46W406 7-0 0.71 2311911 14-S 16
490).3 1-1 3-1 13117 9-4 130b..
$301.4 9-2 1.0 143)6 2-0 46000
327).3 6-C 4.4 ISO4i 3-1 714O0
3 $6L2 7-1 22 13124 4-2 $1000

U3,6.3 1-i 51 16682 S1 90000
61686 5-0 33 17642 6-4 12000
613t.0 9-3 110 tI734 7.$ 11000
64%.5 6-1 130 19997 14-6 5400
6861.7 7-2 310 21496 9-7 37001D
7Z74.3 8-3 5320 21007 2-0 930O
7521.5 4-0 2,M0 29)69 2-1 M20)
7748.3 9-4 710 30354 3-2 64000O
"7911.0 3-1 930 32483 4-3 490000
1341.7 6-2 twoo 34296% ,4 H0000
1624.1 7-3 2100 36334 6-5 260000
9373.0 3-4 0 33674 7-6 1 lo00
9718.0 3-0 3100 41409 8-7 110000

I0010 9-S 36M0 44102 9-8 63000
10273 4-I 7M00

FIGURE 13 List Qf OH Bands in Order of Wavelength

ThM~ I

-4

05 10 15 2 2.5 3.0 15 40 45 50

WAVE LENGTH IN MICR0OJS

FIGURE 14 Above: Distribution of Intensities* and Wavelengths of the Rotation-
Vibration Bands of OH in the Nightglow; Observed to about
t.5 p and Predicted for Wavelengths Longer than 1.5 gs. Also,
the Absoljte Intensity of the Thermal Radiation from the Lower
Atmosphere for a Temperature of 2750 K, a Slit Width of 0.1 i;,
and an Emissivity of 0.3

Bolow: The Trarnmission of the Lower Atmosphere vs. Wavelength

Most present day terminology opolies the term "intensity"
ai in radiant intensity to point sources too small to be

resolved. The terminology in this table is a quote from

the original source.
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from the visible to 4 .5w. The lower section of Fig. 14 shows the well-known

spectral transmittance curve of the lower atmosphere.

Another source of radiation in the night sky is the phenomena of the aurorae,

common in the high latitudes and ram in the low latitudes. As interesting as the

aurorae are, from the geophysical and display points of view, this source of light
must be disregarded as too variable as far 3s night vision is concerned. At best,
one can consider the additional and highly variable flux as a bonus for the high

latitude regions.
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PART 5: ATMOSPHERIC -MANSMESSION

in the tables presented herein, the data on the incident flux from solur, lunar,

and other light sources have taken into account the transmittance losses between

the source and the earth's surface. In problems relating to night vision, the

path lengths between target and observer are relatively small. Figure 15 (taken

from DunkeLman, 1952) illustrates that in the visible region, atmospheric trans-

mission per se is not a major factor except, of course, where fog would probably

make the general level of natural night illuninance too low to be useful.
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PART 6: CALCULATIONS OF THE ILLUMINANCE

FROM raE SUN AND THE MOON

The illumination reported herein is computed as thf. sum of the suns and moon's

illumination, disregarding all other sources of light.

The procedure adopted basically is that of establishing the relative positions

of the earth, sun, and moon at 15 minute intervals over a one year period. See

Part 8 "Computations for the Moon's and Sun's Positions in the Sky."

Knowing the position of the sun and the moon, the illuminance due to the

sun and moon and their phase angles as a function of time is plotted. From a

knowledge of this geometry, one can use the tables and curves of Dayton Brown

(see Appendix) to construct a second set of curves to represent the illuminance

from, the sun and moon separately. The values for the full moon are scaled down

from solar values by 2.3 x 10-6 and are multiplied by the dependence of the

brightness of the partial moon on its phase angle from the light curve (see

Appendix). The next step is the summation of these two sources to yield the

illuminance from the sun and moon, assuming no cloud cover (Fig. 16).

The cc )utations of illumination start at the moment of the eclipse ol

May 20, 1966, at 7:50 a.m., Greenwich time and Greenwich longitude. Computations

were performed for three different latitudes--00 , 30" , and 600 -- and at eight

different levels--l.5 x 10-6 to 1.5 x 10+1--in lumens per square foot to cover

the interesting ranges of illumination.
The time for which the illumination is greater than a given level was then

summed up over a 24-hour period and presented in hours/day and percentage of a

24-hour period. When the illuminance passes through the giver, light level, the

fraction of the time for which the illumination is greater than or equal to the

given level is found by linearly interpolating for the illumination in the com-

puted 15-minute interval.

Refraction, due to the earth's atmosphere, ic% neglected in the position

calculations and therefore the zenith distance used in the illumination calculation

is the true rather than the apparent value. A position error of as much as 26 arc
minutes occurs when the sun and moon are near the horizon.

The results of these calculations are shown in bothi plots and t-ables. The

upper set of curves in the following figure illustratf:s ýhe zenith anales ot the

sun and the moon for one lunar month. The second pair of curves indicates the
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solar and the lunar contributions to surface illumination while the lower curve
represents the solar plus lunar illumination as a function of time. It is q.:.,

apparent that the sun and the moon and the contributions therefrom to terrestrial

illumination follow a cyclic pattern. The frequency of this pattern is different

for the sun and the moon so that rhe solar and lunar contributions to terrestrial

illumination go into and out of phase. This results in some rather striking effects

concerned with the number of hours of terrestrial illumination that may be expected
at various levels of illumination. This may be noted, for example, in the data

for a full moon. In cases, however, where the phase angle between the sun and

the moon is small, such as the beginning of that lunar month (i.e., May 20), one

can see a very gradual decrease in the number of hours at a level as a function of

ircreasing level. Here there is perhaps a shift in the third or tourth place in

the period of time concerned as a function of level, while in the case of the full
moon (i.e., mid-lunar month), the curves tend to be rather precipitious.
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PART 7: THE TABLES

The following tables are based upon the calcu'.ation of illuminance from solar and

lunar origins computed at 15 minute intervals. These intervals are sorted into

groups lying above 1.5 x 106 foot-candles at sea level, 1.5 x 10-5, etc., to

1.5 x 10 *l The times in these groups are summed and printed into tables as the

number of hours that illumination exceeds the eight chosen levels, for each day

of one year beginning with the eclipse of 20 May 1966.

The tables are again stmmed to give the "Summary Tables," presented first--
the number of hours in which the illuminance exceeds the given levels for each of

four lunar months. The supplementary tables, "The number of hours that the

illuminance does not exceed the level," are given for the same four months.

The tables shown list four significant figures in order that valid trends
may be noted. In actual use, two significant figures are appropriate.

The calculations are based upon a normally clear but real atmosphere. For

the estimation of more realistic conditions, cloudy skies may be considered to

reduce the level of moonlight by .ITU, heavy overcast by 10.

To rewt: The values listed in the tables may be considered supplementary

to the more or lss steady state value of airglow, which is approximately I0-

foot candles.

For most cases, airgiow contributions are trivial compared to either sun-

light or moon-reflected sunlight (moonlight). Airglow becomes of interest only
when moonlight or sunlight contributIons drop to about 104 lumens per square

foot.

Fur ease of envisioning the results, the tabular data is also presented as
a series of graphs. In these graphs, and there is one set for each of the three
latitudes, we plot the number of hours per day at each of four levels 1.5 x 10

1.5 x 10-1, 1.5 x 10"3, 1.5 x 10-5 foot-candles for each day of the year beginning

with 20 May 1966. Since the lowest light level will be equaled or exceeded most

frequently the curves appear with that expected order: i.e., 1.5 x 10- is the
uppermost curve and 1.5 x 10* is the lowest curve, (Fig. 17).
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SUMMARY TABLE A

Num~ber of hours per month in which illumination~ at earth's surface on a clear

day exceeds a given level for each of three latitudes.

Latitude 0

-OIS IxFr f./a "O'ws5 T!Mr 0/0 moijRS TI~iE 0/n POOu14S 11mr C/fl

G~cLTF.. TM&i. GR~EATEN I-AN GOELFk ?KNA' GQRATE TA~

SEP 5:1 A 5A.37 4 -2 5 ~4 o 4P 7 7.6% 5C 0 .A 0 7
rEC 5 A9 n7A 52.63 A t:. 9a ~4 3 2 78. it 5A3.7 72. So

(L.FA?Ew Tmi% er3EATE'W T.4AN GREATER TH4AN GREATrw To-&N

;h 4 t14 7f. 58 .16 .SAL~r S47 p9 d.E 1192.0n
5E - A , 4 379.16 J.~44A 371.3S 5303r, 361.S7 S,,

!EC 4 7S 51. 9 A 4ý, i . 4 ;4 .7 372*yk 53.50 361.9.1 !2.00
VAR 4 M7,7 . 2 R*,59 j7A.RQ 44. 44 37 1i.5 p 3. 4 jA 1.4 7 S1.9'

Latitude 30

1.lJrEX- .5xl0EXP-S 1.SxlvE'P-4 1. Sx1OCP-3

a 6.60 595.96 05. 4 7.5 82,69 S41.61, 74.3A-
tLP 572.24 A)*?7 5A5.15 .4 1. 2 5 a r,14 78. 37 5r1 .11 720

rLC !)4 7. 21 7bi .62 !) t 0 77. 57 5ig in 74.6n 473.3 S Ja 0:1
AQ 5 09.A97 Al*4 I A s5,3. 1% P *I. 9 5 54~3 7A.2?' C 0. 16 7 2'-11

G2EATE.d 74AN GREATER TmAN G:.E4TFP THAN GOEATrpi tp-Ak

uacttude 60

G=EaTER ImO ejEATER TmA'. 1 jb;EL7I. TNiA~ jL;ýATE; TO.Ah

V( O 6 0, r. 0 15 .0A1rl . 0EI TWA 6V 7A ¶E. . 1"0. ")AT' C ?i 6. a1 0 0

'(p ^n 41%l . 7 7~*~ 771 . t .3 a 3; 56 . 5,; 27A 514. 4 73
!LC 5;)5 A4 C"2,41 54 5.9S 74 1 4A?.2' 70 C ̂  4 7 62 A8.01 1

VAR3A111 A4,4A 5c3,7C As.3 S 9,7 5 5,9 . 1;.l2'T 5 3 7A.33

Qý; It 4 "AA aEAEWTWN GEA~kTH'- aPAT-29A

1. ýXj E XP .

1.5x EXR 2 i.5xjn xP-11.5x,,.E -. '



SUMMARY TA3LE B

Nlmber of hours per month in which illumination at earth's surface on a clear
day does not exceed a given level for each of three latitudes.

Latitude 0

1,.'.1R1, TIME r,/0 W01-ke Tl"r ')fn I-OURS TIME U/0 1401.1-S !II E C/o

LFSS THAN LESS T.A:4 LESS T4A. LESS TO&A
1.Sx1:-1X*h- I.Sxl0ExP-S I.SxIOEXP-4 1. Sxl•Evl-j

'ut, 110.79 18,.79 1.47. IS1 qv,77 '56,si 22.49 19 7. b ;b.39

SEP 111*.17 *(.A 177.3 19.77 155.52 22.34 195.2!1 ;30
rFC *26.91, a2 1,3.37 "V.1' 152.77 21.9c. *'2.2.
WAR 1'.1'M8 .7,45 49.75 1.54.49 222,) .94,10 ;7180

L$SS I1AN LESS TwA% LV5b THAN LESS TP&N
1. 5xiE10,2 1.5x~uE,(k 1 I. SxlýElw*O 1. SyI rE x 1

.Uh '1.24 41,84 31S.10 45.27 423.u9 46,4; 334,07 46.00
SEP 24,.6f 41.46 3' . d4 S5.!? 32..6- A6, 6 314,43 4$.05
rEC 202.9 '2,0? 's,1'A 65.2k "3.02 46ta 334.1c 48,0t
VAR 20.a A1,i41, 31,7t. LS.SA 3;.4p 46.6' 334,53 68,0A

Latitude 30

LESS Tw"v LESS TWAN '.FSS THAN LESS TkHA
1.5xx0[XP-6 I.5x1)EXPs- l.5SxIO•E'P4 l.SxioEIP-j

JUK 93.28 13,40 100.04 ¶4.J7 120.4 4  17,31 164,40 23.62
SEP 123.76 -.7.78 130."5 18.8e 150.86 21,6' -94.89 ;8,0p
0CC 148.79 21,3A 156.12 22.4' 276.80 75.'' 222,4 31.97

kRn 126.3• 4.8,15 209 , t.Oa 1s5.46 21.-7 ¶L ,q 4 27.99

LESS THAN LESS THAN LESS THAN LESS Tý'AN
I.5XIDEXP92 l . 5x 10E X 11 1.5xIOLAPOO 1.S x I Ex 0'+

2UN 242.0& 34,78 2913.07 36.36 4t4.11 37,9I 276.67 39.7S
SEP 292.91 42,08 314.61 '5.20 3271.49 46.4j% 334.56 4A.07
0CC 3%9- &7,69 3OL.07 424 .s75.9ý 54,1,) *1A7.54. 95.6p
"VAR 290.27 41071 312.45 44.80 322.1A 46,2' 333.1-1 '7.48'

Latitude 60

LESS T4i• LESS TwANr LESS THAN LESS TIAK

.UK ,UO .00 .0p . 0 ,g U .V' ,00
SEP 17.2! t2.53 94.69 13.61 119.9b 17.24 181.27 ;6,0!
1EC 170.67 24.5? i'n.07 P5.87 d!1.71' 278.3.
.AR 94,21 13,54 1,U.41 14.4, 124.90 17.9A 179.4- -5,7A

LESS 1..&t: LESS TwA~i LESS THAN LýSS TwAN

,UN ,01 .00 S.-2 .74 M1.45 11.70 123,94 17,81
!ED -- ?7 1QC9,94 a, j.AI 311,37 44.71 329.7' 47,30
CE. '73.07 aG,79 4SA.11 85.15 475.v0 L8.31 SCO.sp 71.89

AP 272 ,5F 1119IA 20n1.22 &I .7f- .R-6-em 4'4.01 j 24,61 de6.67
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TABLE I

Number of Hours in which Illumination

Exceeds a Given Level

Zero-Degree Latitude
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GEAATtI4 Tm&N~ ftnEATER TwAN GREATER THAN~ GREATEN~ T"At
1.5xIOCYP06 1.Sx1nEvPw5 1.SXIOCXPw4 1.SxlnE~f~w

DAY
CF ?ME
YEAR motiI4S TIME 0/0 MwOIJR,3 Timp 0/ln MatuS TImF 0/m H40195 TI'F P~/0

OAY 20 14.7S ij.44  14 .70a 41.21 14.31 59.62 13.19 S7.44
MAY 21 14.7S Si.'4  14.7 0 &1 .24 14.31 59.63 U3.78 57.43
MAY 22 I5.4' 64.32 14.73 41.3A 14.32 59,67 13.78 57.4?
MAY 23 j6.40 68,73 16.01. 46.71 14.46 60.26 15.78 .4
PAY 24 17 . 3 73.06 17.18 71.58 1S.78 65.76 13.78 S7.44
WAY 25 14.40~ 77.0? le.1" 75.79 17.20 71.66 13.79 57.47

MAY 26 19.4 80.92, 19.13 79.77 18.34 76.40 14.46 40.0-27
OAT 27 :)0.?? 04.27 19.96 '3.18 19.33 RO.53 16.82 70.08
MAY 26 719,99 A7 ,46 '>0.76 A6.58 2n.23 84.30 18.32 76.31
PAY 29 ;;1. 74 90.6o 71.5 So 09.93 21 OS 87,72 19.47 81.15
M AY 30 72.5P 93,74 :)2.S 3 3.21 24 .67 91.14 20.53 85.53
MAY 31 73.3 97.31 73.16 46. Sp 22.69 94,55 21.53 89 .71
JiUN 1 P4.0" 1190,00 *3.97 99.81 23.52 97.99 22.1,4 93.79
JUN. 2 P4 .or Ifin. 0 0 114.00 1M 0 .00 24 .0M 100.000 23.52 98.01

GPEATCM TMAN GREATEN4 THAN GREATER TMA1N GREArCW TNAk
1.5Sx IGEIP@2 L..5x IOixpu1 1. 5,dOCZP#O 1.5Sx loExO-l

MAY 20 13.44 55,99 i3,.1ý 54.72 12.87 53.6'. 12.4S 5188S
-MAY 21 13.44 55,9"t 13,3.4 S4.75 12.86 53460 2;.45 51.88
M A 22 13.4d 55,96 13.14 54.77 12.66 51959 12.45 $1,89
u A-2 3 03.43 55196 13.15 54.79 12.66 Ss to 12.46 51,93
M AY 24 13.43 55,97 1.1.16 S4,81 12.85 53,55S 12.47 51,96
*MAYV 25 13 .,S SS,96 13.16 54.64 12.85 53.#5!3 12 .48 1

-A Y 26 1 X. 4,5 5 5 , q! 3.17 54,156 12 - U 53050 12 .40 52,0;
P, AY--2 7 13,42 5S,94 1j3.7 54.68 12.83 54,47 12.49 52,05
P AY 98 a 3.4e S6.01 j140d S4.90 12.83 53,44 12.5o 52,07
MA"Y _2S_ 13.48~ 56,17 1 j.I,1 54.01 12.82 5314C 12.50 52,to
V AV 30 13 51 56.30 13 .1Il 54.93 12.81 53.56 12.51 52,13
lovY -31" 15.5Si 56,..9 131 54,95 12.80 54,32 12.5? 52,15
,ý'. U h 1.5 4  S6 .4,S i4.0 54.96 12,78 S3,27 12.52 52,16

7,~~j 94 74,93 1J.19 q4.96 12-77 5S.21 12,5? 52,18

Zero deg: Page
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QQCAEN TH4AN *GRETER THAN OREAltR THAN GREATER YUAk

DAY
Of THE
YEAR HOURS TIME o.#0 HOURS Timeco "Dun ToN IME O-Oi HOURS Time 010

JUN 3 24.00 1.04,0O ,4.00 li~o-c 24.00 100.00 24.00 100#00

J-1u-w i4.00 1609,00 P4,00 100.0Q 26.00 100.00 24.00 18040.0

JUN 5 14.00 100.00 24,00 1600.00 23,.A2 $5,40 22.5' 94,14

NW-rT 73-33 *?,i2 1,1 106. *j 22-61 94.22 21.43 89;31

JUN 7 22.41 93.86 22,17 02686 21.61 90:12 20.2' 64.34

JUN- W- 21.49 69,46 f1,21 66.36 20.06 60,1 19t. 08 79;49

JUN 9 20.00 65,85 20.37 64.9i 197 82.37 17.0? 74,46

juw; -10 j9*74 62.24 it.49 81.13 18.17 78t04 16.46 66.38

JUN Is1 0.97 79,05 14.70 77.9j 179 74,6? 14 : 5 61;02

JUN~t lie , to 20 04 IV9 ?6.0i 16.90 707 13,00 171,74

JUN 13 07.41 72,55 17.07 71.1i 15.64 49,96 J! 70 57.3 4

joUW--14 i6.52 06,64 10.10 47.09 14.51 60.47 13,7? 57.39

JUN is5 j5.64 65.j7 id.92 62.16 14.36 Sr'ic 3 13.79 57.44

10p I j4.79 01.44 j47 61.24 14.31 59,7l 13.80 97430

GREATEN THAN GREAIER THAN GREATER ?MAN GL'CATE" IMAk

1.5xl0E'Pw2 1.$xI0tEpwl 1.SXI0EKP*0 I.SxIOEXPOI

JUN 3 1;.49 &1.21 1j,19 34,97 12.76 53915 12,sl 52,19
JUN 4 17.84 74:35 13,19 34,98 12.74 53,10 12 53 9212o

.JUN 5 1 5 2 S6,33 13.20 54,96 12,74 53,10 12:~ 53 2,21

,J,JPN 6- 16 53 % ,' & -Ii20 S4.99 12. 75 S3,-0 k2,533 52,21

.JUN 7 13:5 3  S636,3 13,20 54.99 12.75 S3,10 12,53 52,22

BIN 13.5? 56,31 16,20 S4,99 12.75 S3310 li.53 52,21

JUN 9 03.51 56,28 13,20 SA.99 12.75 53810 12.s3 52,21

JU 10 03.49 S6,21 11,20 54,98 12.760 4L 12.bs S2,20

JUK t 11 J3.47 36ijJ 13.19 56.97 12.70 53o23 1?,3', 32,19

.JUN ,2 j3,45 56,06 14,19 S14,96 12.7" 53,31 12.52 52,1) -

,JU* 3..59 19,1 34.95 12.61 53.37 12.b2 32,15

OQP. 14 .3.42 s59 12 d9 13.8 53,549 12.50 52,13
JUN 15 13 4S 55,96 1.3.16 54.9? 12.8' 53,9 10S
JUN 1.6 15:44 S5,98 li3,1 54.90 26 53,54 12,49 20

Zero dog: Page 2
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QaGATtR Tm&N CAtsTER TWAN GREATER TMAN QR(ATEN fTAk

1. 5x 1fvPe6 1.5lx fEwP.5 1.,4XltEIP64 1.SxIOEYXam

.DAY

YtAS "OtoIS Tpql 010 MOUAS T!Mr O/o MOuJAS TIME Ole wotog$ TIM7 CIO

JUN i7 ,4.7S 61,44 14.7t 61.28 14.34 S9,73 13.81 57.55

JUN t6 14.75 61,44 14.71 61.28 14.34 S92?5 13.82 !7.59

JUN i9 14.99 62,47 j4,93 62.21 14.40 60.01 S3.83 97,63
JUN 2ý ¶5.07 671.76 4.94 62.23 14.41 60.Og 13.84 7,67

JUN 21 16.17 67,37 15.53 44.71 J4.47 60,29 j3.dS 57.72
JUN 22 17.1S 71,45 16.71 L%9.&1 J4.86 61.90 13.87 S7.60
JUN ý4 1?.99 74,94 07.67 73.6i 16.46 60.50 13.91 !7,95

JuN 24 18.045 76.53 48.55 77.3p 17.61 73,07 14.01 56,36
JUN 25 19.65 F ,09 19,37 m0.73 1A.58 77,43 15.67 69,31
JUN 26 70.a' 4 5.t2 )0.1A m3.99 19.46 81,07 17.31 72,14
JUN 27 11.2c 88,35 )0,94 A7.23 21.32 84,66 18.60 77.48
JUN 28 ,1,9f 91.56 -I. 7 2 4I.49 21.16 88.16 19.71 62.12
jUN 29 72.8S 95.20 >.63 C4.31 22.05 91,88 20.78 86.60

JUN 30 )3. 73 98.69 103. so,90 27.94 95,60 21.87 91.11

UI;CATEk TmiA\ GREAT-w TkAN GREATER THAN. GIEATEN ThAi.
1.5x li-E.P-2 1.Sx IOEXP-l 1. Sx I AXP*o I.SGEXP*1

JUN 1? 13.44 6.,01 13.17 S4.87 12.86 5. b 12.4b S2,01
JUN "18 1J.45 56,0.O 13.16 54.8S 12.87 53,62 t2.47 51,96
JuN 19 13.A5 S6,04 13.16 54.81 12.8B 54.65 12.46 51.91

-UN-20' 13.45 56,06 1.15 54.78 12.86 54,6e 12.45 51,9
JUN 21 13,46 56,0 13 .14 54.74 12.bv 54,10 1.46 -Ii0
JUN 22 13.4• 56,0" 13.13 54.70 12.89 53,73 12.46 51,90
JUN 24 1 3.4S 55.-0 is .1 54.65 12.9u 53.75 12.46 S1,91
ju- 24 13.47 S6,11 13 . u 4.59 12.90 53,76 12,46 S1 91
JUN 25 13.47 56,13 13.0y 54.54 12.-1 54.77 12,46 S1,91
JUN" 26- 14.47 56,14 13.0/ 54.47 12.91 bpi, 18 12.46 51,91

jUN 27 13.4b 516,1t 13.06 S4.40 12.91 54,79 12.40 51,92
JUN 28 13.4- 56.16 14.06 54.42 12,V1 54,79 12.46 51,92
JuN 29 13.4' ý6.16 i3 U6 54,41 12.41 :1t,9 12.46 51.92

Jvk'C~30 134i' 56,10 IS.UB 54.43 12.91 53,79 12.46 51,92

Zero deg: Page 3
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GURATER TMAN GREA T ER ?WAN GREAT ER THAN GREAT ER TWAK
1.SxlniCE4 1. SxIOCXPSS 1.540O[P-4 1.Sx±0oCP-3

DAY
or T Ot TTOUR$ TIME 00 NOUN$ TIME 0/0 MOURS TIME 0/0
VIA@ "OuRS TIME 0Ole US I! 1

JUL 1 =4,00 100.00 74,00 160.06 24.00 100.00 22.95 91,61
JUL1 94.00 100.00 v4.00 c 10.06 24.00 100.00 24.00 io0;00
JU" 3 24.00 100.00 24.00 100.00 24.00 100g00 24.00 100.00

"JVCt--'-" V 4.00 100.00 v4.00 100.00 24.00 10030 23.13 tel,59
JUL 5 23.96 99,77 p>3,9G 98.7i 23.1 92.11 22.13 87.197
, -- K T 72.99 95,79 72.1 '5.05 2?,25 92..2 21.07 0i7S
JU c 72.21 9 21.9 91.49 2J.39 89,14 20.01 03,3
JUL t 721.42 69.•2 ?,17 p6.20 2n.56 65,06 16.91 78,81

.JUL 9 7.6; ~ 6.3 vc.39 44.96 19.72 62,1 77 36
JUL 1 70 9.66 82.7S ¶9.60 11.66 18,94 78,0 16.13 #7,22

JUL 1 19.0? 79.26 is874 78.16 17.8 74,1j 14.06 56,60

JUL t~ 62 75.90 178 74.15 16.71 69,71 13.09 78

JUL 13 17.32 72,1 i6,91 70.47 1S.2? 63,42 13.82 57,57

' 14 16.36 66.15 13,7S 65.75 14.39 59,96 13.77 57,39

GREAYEW TMAN GREATER TmAN 1 GR 1 ATER TMAN GREA7Em TO-Ak
1.SxiGCXP-2 1. SxlOXPpel 1. C OXP*O 1.5x lCEXP*I

JUL 1 14.72 61,32d 15,08 S4.46 1i .9 1 53,78 12,46 Stl

,jL 2 18.33 76,38 13,09 54.13 12.90 53,77 12,40 51,91

ju6 3 16.73 76,0b 13,10 94,57 12.90 .3976 12,46 5$,91
JUL; 4 16,31 67,97 13,11 S4,61 12.90 53,75 12,46 51,93

JUL 5 13.46 56,17 1S.12 54.45 12.90 53:7r 12.46 51,90

JUL 6 13,48 56,18 13,12 54.69 12.09 53t7; 12.46 31,90

JUL 7 3.47 56,14 I'I.13 54,02 12,86 !a,69 12,4 5,09
JUL-- 8 13,47 56,12 13,16 54,75 12,6 53,66 12.45 S1,88

"-JU•- 63,46 56,09 i1,15 54,80 12,67 53,61 12,46 51t91
JUL 10 13,4b 56,02 13,16 14.62 12,86 53,10 12,7 51,95

J LJ. 12 J3,44 55,99 13,16 S4,84 12.05 5.455 12,48 Si,99

jUL 13 13,43 5S,96 11.17 54,86 12.54 53,51 12,48 52,02

jLU.- 'I4  13,42 55,94 13,1. 54,87 12.83 53148 12,49 52,04

,."

%.-3

Zero dog: Page 4
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GQOE&IrR THAN 4*REATrl TNi GREATER ?THANn OCATOEwk .- "1. y I"Sx1n(WP 6 1.Sx fCXPS 1.Sx intCP.4 1.5x 1-EWP-1.

DAY

cF tHEYEAG m0,.QS TI.4F n,0 -OURS TIm 0a HOURS TIME 0/0 H0u'S TIm C/n

JUL 15 15.25 63.52 44. 71 41.3n 14.32 S9.66 13.75 57.29JUL 16 1 4.?S 6J.44 14,70 412,A 14. 30 S9,58 5773 S.29JUL 17 -4.75 61.44 14.70 41.?A 14.20 S9.s6 13,73 37.22
JUL 18 4. 7 s.44 14 .7) A.2A 14. 29 59,54 13.?s 7S !72
JUL 19 4.7% 61.44 14.70 41.2A 14'.9 59,5 13.73 57.22
JUL. 20 .5.44 A4.22 14.72 Ai.3S 14.29 S9.54 13.7.3 57.22JUL �1 *6.3' "8.05 15.as A6.0s 14.42 60,08 13.73 57.23
JUL 22 '7.19 71.61 -6.83 7 .-1 15.40 64,49 13.74 57.25JUL 23 1 .797 74.86 17.67 73.62 1A.67 69.48 13.76 57.34JUL 24 2 A.' 78.06 q8.46 76.91 17.67 73.6& 14.16 !9.01JUL 2S .9.54 A1.36 4 .31 at.4 a, 61 77.53 16.-7 66.96JUL 26 '0.4I RS.?2 00.14 04.0p 19.52 ei,33 17.53 7S.05
JUL 27 •1.4 " •.51 ;It *;.67 2n.4

5  
85,21 18.77 78 21

JUL 28 2?.? 7.'9 1.9. i I.5i 21.42 89,2S 0.00 3,33VGQE&TE-4 T14AA ~ iiEA fEw TMAm' GREATER THAN GREATEN pk
1SX 1*.Exo'*2 1.s Sx1Ee- QLxP*0 1. 5x 10EXP-1

JU. 15 13.4' S5,91 14.,7 54.88 12.,8 51,44 12.49 52,U6JUL 16 13.41 55,av -S.17 54,a9 12,62 54,40 12. u 5j.08JUL 17 13.41 55,87 1.1i 54.o0 12,81 54.36 12.50 sk.10"-JUL"' 8- 13.49 55,84 14.10 54.v1 12.80 54v32 12.51 S2,12JUL 19 1 s5,82 14.16 S4.91 12. 79 54,28 12.51 52,13
-JUL -20 13.4'9 55,17v 1424 J.l 4.92 12,.7b 53 -23 12.51 se1JUL 21. 13 pj 55, 71 1 S - b S4-92 12- 77 5..1 12.5;e 5d, 15JUL 22 1 3,jm 5S.75 14.16 $4.92 12,76 54.15 12,52 52,15JUL 23 i3.36 55,7) 13.1m S4.93 12, 75 53.11 12.52 52,16:JU.--74- 13,4, 55 8• 14. 54.93 12,74 54 09 12.52 52,16,JU 25 2S 3.1 55 , 6 j,,e 54.93 12 74 ' 6 U9 12.'2 5,t16JU6-26- S .4J 55,95 i3,le 54.93 12.74 53,49 I?.2 5..17JUL 27 3 .4 56. 0.•0 .ie 54.93 22 74 .409 12 5• S2,17
".4JUL;'28- 13 . 4 56,~ 04 4.310 $4.93 12.7' ) 5. 09 12.t; 5d,1.7

".44

Zero deg: Page 5
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• -; .. . . - . -. '..

-.

GREATER THAN ( REATCR THAN 3G[ATCR TMAN GREATER TAk I

1.Sx I tyPu6 1. Sn[XP-5 1.Sx lO[IP&4 1.5xIOEYP-3

DAY

COP THE 
1

YEAR ,OIIRS TIME 0/0 moURS T714 Con MOURS TIME 0,0 MOtIRS TIME CIO

JUL 29 73.21 96.69 72.9S 95.62 27.42 93.49 21.22 88.40

JU6 6u 74.00 100,00 p3,95 99 .8b 23.43 97,63 22.39 93,31

JUL 31 24.00 100.00 '4,00 10,.Ofn 24.00 100100 23.52 97.99

iur' , •10,0O .4,00 190.0- 24.00 103100 24.00 100.00

AUG 2 P4.00 100,00 74.00 1no.. 24.00 100.00 23,72 98.84

-Lg --- 74,00 130,00 '4.00 100.00 23.67 98,62 22,72 94,68

AUG 4 73.S0 97,90 13,36 07.35 2P.8' 95,17 ;I.77 90.72

I1G--3-- 22.7A 94,7S 72.56 04.01 22.01 91,72 20.78 86,58

AUG 6 71.99 91.61 >,?77 90.7r 2j,21 68,s7 19.75 12,29

A U 7 71.23 88,45 0,.9 7  A7.3& 2n.38 64.93 18.60 77 7.5

AUG a 20.4S 1S.22 '0.18 A4.07 19.47 81,14 17.1? 71,34
A"- 9 19.60 A1.67 it.32 40.48 18.48 76,99 15.02 62,60

AuG 10 i8.7v 77,92 18.38 76.59 17.35 72,29 13,84 57,67

S¶7.71 73,81 47.3s 72.30 15.9S 66,48 j3.73 57,20

GREATEP TMAIN GREAIE INAN GREA
T [R TMAN GILATEK lIPAk

1.5xiGExPe2 15xIOEXPOI 1.5x 'OEXP*O 1.5KIOEXP*I

jUL 29 13.47 56,11 13.18 S4.93 12.74 S3,09 12,52 52,17

5UL0--10O 13,4 6 S6,10 13,1 54..93 12.7 53,09 12.52 52,17

UL 3 1 17,03 70,97 1,1t 54.93 12.74 5,509 12. bi 52,17

AUG -- 19.05 79,39 13,16 54i92 12.74 5st09 12, 2 52,17

AUG 2 id,29 76,19 1.1 54,92 12.? S3109 12,52 52,17

AUG 3 14.96 62 ,S 11.16 S4.92 12,7 5S,09 12. b2 52,17

AUG 4 3,42 55,91 03.1b 54,92 12.7' 53609 12 ,52 52,16

LUa 5 13.41 S5,6 13,1 54,91 12,74 54,09 12. 52 2,16

A U. 6 0,,39 5 76 11,1b 54,94 .2?.7 53,09 12 52 52,16

tuG 7 j37 -"-, 71 01 I,-m- - S4.790 12.7' S3,09 12,S !Pe 2,16

wua 8 J3,35 S5,64 9i.1 8  S4.90 12.74 S3.06 12. 52 52.15

AuG 9 13,3' S55s 11.17 54.89 12.7' 53,0 12.b? 52,15 f

AUG 10 13,33 55,54 13.17 S4.69 12,7' 5l,08 12.51 52,14

AuG 11 13,32 55,52 i3,1 S4.88 12,74 54,06 12.!1 .2,14'

7L

%

Zero deg: Page 6

f,%
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r.FAr4I'akqGATrb T...N GPEAEPa THAN GOLEAtER t...&K

AUG 123 *'.A %9.s68 1 *. 1 A 7. 1~ 14.426 59.4? 13 77? 7 l
AUjG 04 1'~ 13 A4 Ar. .4.691 1.2II 14.26 59.42 13.72 ý7.17
& UG 14. 147 414 .4.69 '1.?1 22 '1.23 59,29 * ¶3.? 72 7.17
AUG 16 1 .7 41.43 44.6Y A 1 2 1 4.23 ".27A 13.72 !7.16
AUG 16 4,74 A

1 
43 q.698 Al.21 t4.23' S9.,27 is.1.7 S 7. LI

AUG la8 '*ý '1,52 4.469 'L I- 2 J4.21 59-27 13. 72 S71
AUG 19 C)A O A5,,ýS37 , S.09 A2.80 14.2b 59.36 13. 1 1.?'
AtjG 20 A 44 A.71 ' 6.11 A 7 . I t l4.4h 60.25 13.72 £1.16
AuG 21 7. 4 72-1-3 , 7.01 7*..8 1S. 71 6b. 76 13. 7.1 !.
AUG 22 IP1.2 , 75.83 *7,9 n '9 17 E c. 9 4 70.611 13., 74 7.27
AUG 23 () .,4 79.35 j .,,M 7".?A20 17. V 74,94 14.6v 61.19
AUG 24 9'.9. p3. 23 .9.71 t ?. 14 119 . n1 79,20 16.61 69 .2.11
AUG 25 .9 07.34 '0 .69 01-21 2 n .f At.so 18.15 75.64

(iUt6L..L l.'A' GwEAIEw lIWAN GWCALk THAN GWL*A'ILK 1l'P~

1? 3.3, 55.51 13.11 54.88 12.7' 56 .08 12 .!1 52,Is
A', 1 4 33 55,51 13,17 54.87 12.7* b3,08 12.51 52.13
al). 1'. 13.3s 5, 5;e 13.17 54.86 12. 7,4b' 5, 0 12. 51 S2412
gkilb., -ý 13.,33.I 5. 54 13 .1 It 54,.8 9 12. 7' 5 3.Us a 2. !p Sdo11
"sI IC, I*,i 3. j - 55j,S 1ýp IS. 54.84 12.74 Sj , vo i?.51 21

13' J'x.3" S5.56 13.16 S4.83 12.74 53.i.Us ')?.u i
Itt 3 13,3 55,58S 13.10 S4.8? 12. 7' 54-ud 5u S2. 00
1' 13 i.3 4  5St60 13 .15 54.81 12.74 5.S.ý7 12.b0 52,u7

A:ISp 13 .3% S5,6d 13.15 54,79 12.7' 5's,10 12.49 5a.05
All U4?1 13.35 55.64 13 .1'! 54.78 12 .7!P 54 '14 12.49 52.02
Ai~t3 ?;P t 356 13.1' 54.76 12.76 5j,17 12.48 5 v0 0

.. 4" t j3 74S 5 b. 6* 13.1' 54 .74 12.7' 5-S 122 12.47 51.90
.SI'2- 13.6' is. 11 13. 13 S4 .7; 12. 7b 54. i6 12.47 .9

2~J 3' AllA '5574 13.14 S4.70 127 b4.49 12.4*6 519

Zero deg: Page 7
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oRE&r~R THAN GUCAT fR TwAN GREATER THAN GOSATCH ?MAk

1. 5x1(%EWpo 1. 540E IPas 1.5.x 1oguP04 .4lv.

DAY
of ?ME "OURS TIMF g0/0
YEAD "clips TIME A10# "4OURS T~mr On HOR IE00

Aug 2& P1.95 91.48 pj6 00.36 21.10 87191 19.52 @t.12

--t-x 7r- >2.91% 99,53 92-66 04,0A 22.13 92,25 20.80 so.69

AUG 26 23.S1 '99.22 '>I. 4 98.49 23.12 98,32 22.01 17

Ago 29- 24.00 1 c q0 0 d4.ol t 00 IA.00 24.00 100.05 25.09 98.21

AUG 30 114 CA l09.00 '4.00 Infll.Oo0 24.00 100100 24.00 100.00

LOG 31 14.00 inc,00 :1. 00 160.00 ?4.00 100.00 24.00 100.00

sip 1 24.0(' 10,.00 ?4 .00 1110T0 24.00 100.00 23.33 97.21

* 2 3*4 99.75 ,.7 on.6 23.33 97.20 22.42 93.40

SIP 2 13- 1 94 73.99718 227.5 93,90 21 .4P bos

22.3S 40 -'3 217 02.37 21.71 90,44 2038 P4,93

SC, I 1 5 4,58 71.32 p0.85 20.61 86.72 19.1 9'

SEP' a- 'I ;) 7 6.29 '.44 145-IS 19.9s 62,72 40

SEP 7 4 9.73 A2.22 49.47 A1.11 16.79 76,3 0 t 5.8 88.6603

St18 i.74 78,10 10,4
7  76.9S 17.8' 73,49 13.85 57,71

GnEAICM THAN WETN TAN GREATC4 TH~AN GREAT[" 10~

1.5x IoCxP.2 1%qtP 1. 540C19.0 1.5x 10CXP*1

AUG 26 13,38 55,76 13.13 S4,67 12.60 $63.3 12 45 51,06

AG7 j,9 95,79 03,11 94,44 12.61 $its? 12,4 1,6

AUCG 26 13,40 95,61 13.10 534.80 12.62 S5.41 12," sll

A UG 29 19.3 - 4' 5,17 164009 546,66 it.$& 948 12,45"1A

AVG 30 18.79 78,29 13 .0 Oi 4,5g 12.43 s93,46 12,41 91,66
AUG 11 19.47 81.41 in:04 S~41114 12,06 .454 $2' 1,97

I 17.89 74.96 11#05 9t.&? 12.85 53e4tl 12.'

SEPI 2 13.45 58,00 13,03 '5 1,0 59 1,6

S 3 13.45 96,04 13.01 $4,23 12,86 53,58 12 4 4 io

4,C. i34 So,0 it .99- 54,14 26 55,60 12 , t 91.66

sEP 5 11,44 18,00 12.99 941,14 12.87 93,8 45 91 1

S EP 6 1 3 4 5 5 , 9 8 1 2 . 9 9 9 4 , 1 4 1 2 . 87 9 4 , 6 3 1 2 49 1 6

5(P S J3.43 95,9* 12.9 94,14 12.607 $5,66 12.45 91,69 .

Zero dog: Pojys 8
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RlIC(T11'" UAPk 4E;@ATER Ti4A" 40C'7FQ TH~AN 40EATEW ?.%&&

1.Sxim[WP'0 1.SXIOCIPOS 1.5X lrfR'.4 1.Sxl'CWVP-i

ipo 9 17.74 73.93 7. 44 71.65 14.32 67,99 ij.*) 9.3
SIP 10 46 .74 69.75 16.37 AA-27 14.7' 61#44 13.7 $.0
$toIt 11 .. 74 05,60 4 S.2 ith 3.47 14.21 99.21 13.601 50.99
SEP 12 4 .77 41.53 44.47 A,6 1 4 .1 I ,68.96 13.67 !69
Ito 1) 1i4~i' 60.40 44.46 A".27 14.1' S8.94 13,06 16.92
SEP 14 4 q. 4.40 .404 '.27 14,.1' 48,93 1..% A.89
SEP 2 is A5 4A~.40 44.4h ft4 14.1' 56.93 136 90.8s

SEP 16 4 SA 1.0,40 q4.46 A 2 14.14 58,92 13.64 50,89
SEP I? jt9A A2.42 4.440A A1 ie.lA 56.99 13.0s 16.09
WC If 6),97 A68.32 S5.41 '4.-2 4 1.2s 419.30 IA.4 A 96.9;

SEP' 19 1.A79 A9.94 - e,44 All 40 ¶i. ( 026. 13.0/ 50.95
SEP 20 7 . 97 74.117 4 7 04 11 ,a, 1145.4 A" .SA 13 .7% fs 7.30
SEP 21 -04.9`1 7A.96 .4,(41 7 7 ts ¶7.67 7 1, 6 " LJ.92 !79
SEP 22 11 .9'. 6'j 1.1 ~k s " j 4* .1 84 S l 6.2

GCIQETLN"A r c*EAiC" THAN GREA7114 ?P4A' OWEA" THsh

!IF0 9 11.4-1 Sý,94 d .V 51 4.1' 12.809 5,0Co 12 .4!p 51

SIF In j fi 61' 95 ,9f,1 i2, VV S4,1 12.09 01.04 5 12.05 91,819

bFO la 1341 55,94 12.99 S41*14 12.07 S1,04 1,40" 9,1
blb I I 13 .4oP %s 5,it 1 2.V9 $4,14 12-17 Sffoj 12,.45 Sol
IS( I- A ¶, 42 S5,91 12.v9 014. 14 12 -11 $S.64 12,41) 91,86

1% 13,4Z 55,90 I i. 9 54.14 12.100 !) 5,A h 0 ,49 5 1. 00

-. 3.4 S 5,86 13.01 '14 .2A 12-6 !0 1 !101 12 .41k 5 1
!Jf 4 13 40.' SS,8' 1j~v 54 .j 12.00 bdt bq 12 .4!) 51,80
SE(- 1'4 13 .4 S55,8 14.05 54.46 12 . 4 !,j,46 1 ?, 45 51.46

x 2p e ) 13.3 5S,60 14, 07 S4.41S 12.926 b3.43 I it. 44 S1.s5

3"' 71 13 . J 59.7y 13.006 o %, It 12,1911 5.S, 4m 12.44 I 0
Is 7 S,S 551so7v 41O . 544.)06 2*I 53#43 112, 44 51.64

Zero 'Jogi Pop 9
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.7)

GPEATrR THAN GREATER TNAN GREATER THAN GREATEN TI.Ak I

1.5 5 [vP*6 1. 5xln[XPI .I5x I X.*4 1. 5x I nEvP-3

DAYof THE.O moiS T 11- t c/ o
YCA N00R TXlla 71 04 Al0"URS TIME 0/0 mG1'RS TIME Ole

stP 23 20.94 7,24 ,0.6s 46.04 19.92 83,02 17.78 74.07 i
SEP a* Il.69 '1,21 21,63 90.11 2n.96 

8 7 ,3i 19.24 80.18 U
SEP 25 72.74 94,74 P2,53 93.8A 2.,93 91.39 2o.55 65,64

"117- 29" 73.6s 96,95 13.41 97.9S 22.86 95,24 21.71 90,45

sEP 27 74.0D 100.00 ?4.00 1tO.0• ?o..69 98,71 22.74 94,73

1C 230 74.00 100.00 74.00 1nO.On 24.00 100.00 23.72 98.80

ICP 29 '4.ýft 0n0,00 .4 on 24.00 100.00 24.00 100.0029

IiP 20 . 100P00 .4.00 0o0.on 24.00 100f00 24.Or 100.00

OCT 1 71.on 100.00 74.00 . lnA.oA 2.99' 99,95 22.92 9So

-Drr 2- ;3.73 98.66 93.47 97.77 27.97 97S.1 21.93 91.38

OcT 3 72.91 9S,44 )2.66 94.47 ?7.10 92.09 20.131 "6 .'71

OCT" 4 71.9A . 9'.7 )1.?1 00.46 21.14 88,07 19.57 ,s54

S0.99 87,47 70,77 A6.5 2?n.12 83,83 186.1 75,75

OCT 6 70.01 83,39 q9.77 42.3A 19.03 1 6.49 48,72

GREATEN THAN GREATER THAN GREAT[N THAN GREAAiE TNAh
1.Sx10ExP02 1.5).Io[xP-1 1.5xID[XP90 1. Sxj0ExF*1 •

i E 23 13,39 ss ,0 13,11 S4,61 12,7b 5S.7 12,45 51,86

EL" 24 13,40 55 82 13,12 54.6S 12,77 53,20 12.46 $1,91

5E Wb 1 1,40 55:88 13,13 54.69 12.75 54,13 12.47 51,96

ý C 6 13,40 $5,84 11,0J $4,72 12.7J 54,06 12468 5,00

KEP 27 13,40 $5,82 13,14 S4,75 12.74 S3,06 12.49 52,03

S[' 28 16,10 75,41 13,1 54,77 12.76 53.07 12t49 52,06

s 29 19.69 82,04 is.15 S4.80 12.74 54,07 12. 50 2 0D

SEP 30 16.8b 76,67 13,is 54,81 12.74 5,07 12.50 52,10 :

mCT 1 1$.09 66 22 14.16 S4.83 12.74 53007 12. 1 .2,11

CT- 2- 15,32 55,49 14•,1 S4.63 12.7' 56,0T 12,51 52,122

OCT 3 13.32 S5,49 14.16 S4,84 12.7' 53,Q7 12.51 52,12

OCT' --4- 13.31 SS,46 1j.16 S4,84 12.74 b3,07 12.51 52,12

I'CT 5 13.30 55,46 13.16 54,83 12,74 53,07 12.b51 S212

OCT" 6 13,3L 55,40 14.16 54.63 12.7' 53,07 1ý.1 ,l52,122

"I

"a.(

Pa,

Zero dog: Page 10
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Fi
4r,&Trw 7044' qcEATFR TwAN GREATFR THAN GQEATEM T)AI

1. Sx¶ 'Fv616 1. Sd nE 10- 1. S~d r IP-4 1. 5)d. oC EYI-3

Cr ?wE
Yr. A c.-ws T -r n/0 ,ni•wS T HE• 0/n WMIIRS Ti•' O. '0.Of,4S TTmr P/n

OCT 7 .9 .n 79.40 n.7 ?0 7 ? 17.91 74.64 14.2f '9.43

OCT 6 .12 7S.SO i7.79 74.p1 1A.7
7  

69.68 13.76 17.3S

OCT 9 47 1- 71.60 15. ? 70.07 ±$.40 64,49 13.72 S7.1s

OCT 10 46.2 1 %7.6
7  '.,2 4S.9. 14.3H 59.90 13.71 ST.13

OCT 11 S j4 A4. 1 9 4.4*7s At.c 14.23 59.31 13. 71 '7.1?

OCT 12 4.7 A, - 43 44.69 Al- f 14.21 59.22 13.7 11 7.9 I1
oCT 13 4 7f 41.43 4.60 AI 2n 14.21 S9.2 13. 71 57.I
OCT 14 14. 71 AI ,41S 4.6Y A I • . 4.21 59.2t 13 7. II S .10

OCT IS 4 7 A 4.43 A . 0s A I. 2n 14.21 S9,2i 13.71) 57.109
OCT 16 -4 71 4144 -4.6v 41 .21 14.2d1 S9,23 13.7n '7. 09

OCT I 15.0 ý 615,14 -4.96 A?. A-) 14.24 59.3s 3 j 7 r. S .0

OCT 16 *6 .A A A9.31 16.16' A7. 3g 14.44 60.17 13. 1 S7.11
(CT 19 7.66 73.56 '7.27 71?.9 15.93 (6.34 I. 7) 57.16
OCT 20 4 A1 77.00 8.35 76.4k 17.3A 72,27 13. 74 £7.26

GbvLATCk HAl'N GQEAIER THAN GJRCATEI. THAN GMLATECH TI-AI1 5xlt.-XP-2 1.$xIoEXP-wl 1.-x IOEXP*O 1. SxIDEV'0

Or ! 13 . 3 L. ,40 13,16 54.82 12. 74 53,U t $ 2. 51 52,11

0 Cr '4 14.4u 55,4d 13.16 S4,81 12.74 53,07 12.50 !2.10
acr i0.31 SS , 4w t.15 S4.80 12.74 541U 7  12. 0 Si 09
" "l) 13.3i 55,50 13.15 S4.79 12.74 S3,07 12.50 5s,07

Vicr ii 1S.33 SS,54 13.15 s4.7@ 12.74 5s,07 12.49 52,05
,CT 1 I 3.34 55.55 IS.14 S4,76 12.74 53,u7 12,49 S2 02

,iCT i1 13.35 f',64 14.14 S4.7S 12.75 54,14 12.4M 52 00
fir. 1' 13,31 '-,67 14.14 54.73 12.77 5s.d0 1ý.47 51,98
,.j r I'j 13.37 5S,70 13.1s 54.71 12.76 53.25 12.47 S1.95
0 r.CT I A 13.30 S5,73 13.16 S4,69 12.7y !) 12.46 S1,92
ocr II 13., SS,76 13.12 S4.67 12.t0 53 34 12.45 S1,89

k, I '.39 5,79 S3*1 54.65 12.51 53,38 12.45 51,86

"tCT 1 i. 4 U 55,81 13.11 54 .63 12.84~d p 5, 41 12.44 S1,85

2.)T ) 13.4 u S5,84 13.11 54.6- 12.-3 53,45 12.44 5 I,5

f7..

Zero deg: Page 11

45
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GSCAFk TMAN o*EATER TNAN QREATfQ THAN GOEATEN TIAK

1.Sxi.[wPq6 1.Sx IOCEXPO 1.Sx IlCXP-4 1.Sx Il PS (-
DAY

orOORS TIME 0o0 HOURSTI

eCT 21 19.66 81.9% 19.36 60.6 168.54 77.27 14.90 62.09

-UC¶T wi 7.55 65.02 vo.31 044.64 19.64 81.62 17.19 71.61

OCT 23 21.46 09,43 1.20 48.34 20.63 85,99 18,77 78.22

"-UC'-2i7- 72.24 92.67 72.05 91.86 21.91 89,6? ?0.02 @3,40

r:T 25 ;3.0 95.62 72.78 QS.Sn 22.37 93,22 21.11 87.9-

5CT- 2f 73? 99,09 73.6s *8.S4 23.19 966,1 22.12 '2.17

OCT 27 74.00 100.00 04.00 100.00 24.00 100.00 23.04 96.01

6"-- 28 74.01 190,00 24.00 10 0.0p 24.00 100.00 24.00 100.00

OCT 29 74.On 100,00 24.00 100.00 24.00 100.00 24.00 160.00 ]
ff"- t30 74.C0 100.00 74.00 100.00 24.00 10o0.o 23.46 97.795

OCT 31 74.0" 100.00 73.97 99.87 23.41 97,55 22.39 93.31

NOV 1 73.?' 96,82 73.02 95.9p 27.44 93,48 21.23 68,47

NOV • 72.25 92.69 72,06 91.9. 21.43 89, 21 19.97 83.2n
UOV---3 71.29 86.72 71.07 A7.78 2n.40 65,06 16.63 77.62

GWEATtm THAN QRCAIER IHAN GREATfR THAN GREATEN ThAk

1.5a0ExP-2 1.Sx IOEXPeI 1.5x IOEXP*O 1.Sx 0£Ex•'"

mCT 21 j3,%1 S5,66 13.10 54.60 12.63 5347 12.4S 51,06

oCT 22 13,41 S5,66 13,10 S4,s9 12.84 53,00 12,45 51,e6

OCT 03 13,42 55,90 13,lU 54.57 12.68 56.51 12,4S 51,86

nCT 24 13,4f "S192 13,09 54,56 12,01 55,94 12.4S S1,87

MCI 2S 13,43 9SI94 14.09 S4.55 12.68 53,15 12,45 s1,87

nC7 26 j3,46 55,9g 1 3.Ov 54,54 12.66 53,7S 12.45 5S187

tC
T  27 16.60 69,16 13,09 54.53 12,06 56.59 12,45 51,87

PCT 28 19,09 79,52 13.00 54,Sj 12,06 5,60 V10,45 51,88

OCT 29 19,70 92,10 14,0b S4,49 12,67 56,61 12.45 51,86

OCT-30 17,52 12,99 13,09 S4,47 12,87 53,02 12.04 9,68

OCT 41 13,46 16,09 11,07 S4,47 12,87 53,63 12.4w St1,69

NOV - 03,46 56,09 13.07 54,47 12.,7 53,61 12,48 5,66

1vOV 2 13.46 56,o0 13,07 54,47 12,87 53t04 12,45 Sit#@

O"- 03.46 S6.06 13.o7 94,47 207 53,64 12,45 $lose

Zero deg: Page 12 '"
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GREATd THANw GREATER 1.'.N GQCA7FR THAN GREA TER ToAh
1. sx1 rF v-6 l.5xIA(vpvS I.Sx IOEXP*4 l.5XlflEvI'3

DAY_

YEAN ,.,a'qS TIME M~OO .OuRS TIir 0-n HoopAs ?TTIE 0m molIws T1"r PO

NOV 4 70.37 A4.86 :00. 10 03.71 19.36 $G.74 17.2-S 7.1

N.ov 5 19.4d ýt.c1 19.15 79.70 14.3s 76,49 15.b5 64.7;

NOV 6 18.49 77.06 16.21 7S.39 17.34 72.2% 13.94 56.09

NLOV 7 17.7,1 73.76 17.3 S" 2.4r' 14.2S 67.71 13.88 137.74

NWOV a 1 6.9r, 70,41 16.51 AA.77 14.98 62.40 13.81 S7,54

kov- 9 46.' 66.62 4S.55 64,7M' 14.38 59,65% 1 3 .7Q S7,4S

Nov 10 S.17 43.?3 14.71 61.27 14.31 59.61 57.4"

LOY it 147'? 6J.44 14. 7m A1.24 14. 30 S9,56 13.71, S7.4

K!Ov 132 14.74 41.44 44.
7 nl A1.24 14.30 59.99 1 3.7M S74

Nov 4 1' '.74' 61.44 14.7(. & I -2c 14. 3C 59.60 13.7y 57.44

Nov is5 15.111 132 14.71 At-31 14.31 S9,64 13.79 S7.44

NOV 16 j j. p7 67.78 1.574 A 5. !7 14.41 60. 03 13.74 5 7 .40

N.07 17 17 .31 72.2a 16. 94 T 7.01 6 15I.35 63,95 13. 0'J 57.49

QbJEATrL TM&N GREAIEN THAN GREATER THAN GREATEH TPA'h

1.Sx, Ex-2 1.SxIGEXPPI 1.Sxc ixP*4 1.5Xluxi-#1

NOV 4 3.45 S4,605 13,07 S4947 12.80 •4 f6!i 12.45 S1,89

kOV 5 13.45 56,04 is, 0 54,4* 12. t 53,46 12.45 64,79
P.OV 6 13.4" 5.062 13.01 54.49 1.84 53,65 12 ;45 r6 O 19
kOY 7 13.4" 56,01 1i,08 54s.4 12.60 53.16 12.4 " 7.59
.3V 1 0•4.4 56,01 13.06 S4.51 12.88 53.t66 12.4S 1,50

k g 9 J3.44 56.;l 1,1.09 S4.53 12-6w 54,866 1. 45 51,9
NOV 10 3.44 566,01 1 4.UV 54.54 i2.bb 5s.166 1..4% 1,69

koV 11 t13,4 56.01 13.09 54.56 12400 531,6S 12.745 7.49
P.OV 12 13.4. 56,01 14.10 54.58 12.6b S.65 12.4S S1,89

KOV13- J3,44 56,01 13,10 54,60 12.66 53,65 12.45 18W
NOV 14 1.44 56,01 13.11 S4.62 12,b 5305 12.7.45 0
0OV15s 13."4 56,01 13.11 S4.64 14. i / 3,64 12.4b 51,6o

P.OV 16 I3.4 5 67,00 jS.1 2 5 54.66 12-87 56,64 12.45 51,88

NOV 17 13,44 56,00 3.13 S4.69 12.'6 53,63 12,4 5 5189d

474

.0

......... . - -4 - 0- - -4

kOV- 7-13.4 5 01 •,0 $4S• 2.• 3•6 124• 1 8

Zero J°4 561 141 de4,Pag 13 .1"'b•245 51U

"kOV•1• 1•,44 56,01 $•.11 476 2U •6 24 18
hOV 6 •.• S,00 .1• 4.6 •2.7 •,4 t.41 '.8

S. . . . ...... ..*'............ •.. .. .. . n -, .-- - m m. ,I - mI- . - ..-.. "†† †,†† † † † † † F " -. - . ;1%



OGQATYR THAN GREATER THAN GR[AT[R THAN GR[AT[E TA t

1.5xlnEVP06 1. SxIOCE[PS 1.5xlCOCP-4 1.SxIOEXP-3

DAY

YEAI N0oiRS TIME 010 mOURS TIM[ o0p MOIRS T14E 0o0 mOURS TIME vfn

Ov to is.3? 76.32 17.98 74,9ij 16.92 70,49 13.81 57,SS

.UV---- s9.23 60.11 14.9
5  78.96 16.15 75,63 14.10 98,74

DV 20 70.11 $3.79 19.86 82.74 i9.19 79,94 16.46 68.60

OTV-7T 'P 0o.93 67.22 p0.68 86.16 20.10 83,75 18.12 75;S2

OV 22 pl.7f 90.42 21.45 69.3A 20.95 A7,26 19.S4 o.057

2FV 23 72.4A 93,S8 22.21 92.59 21.75 90,64 20.41 85.05

OV 24 73.2P 96.76 22.98 95.7A 22.55 93,95 21.41 69.21

•V 25 23.99 99.95 ý3.82 99,23 23.36 97,42 22.37 93,20

OV 26 74.00 100.00 24.00 100.00 24.00 100f00 23.34 97,24

.0 V-'-7 74.0on 100.00 24.00 100.0p 24.00 100,00 24.00 100.00

Ov 26 74.o0 1'•0.00 ".00 10On f4.0C 1 0s000 24.00 100.00 -o

.OV 29 14.or 100.00 ?4.00 I00n.0 24.00 100,00 22.64 95.15

V 30 .S 97.90 23,35 97.29 22,80 95,00 21.68 90,31

-E--1 93.57 94,03 72.37 93.21 21.79 90,80 20.47 65.27

GPEATEW TMAN GREATER THAN GREATER ?MAN GREATE[ T7Ak

1.Sx 1EXP02 1.5x.0OXP.1 S.5x1,OXP*O 1.5x 10EX"1 -. )

'.OV 13 13,44 56,00 13,13 5471 12.87 5,362 12.45 S1,88

V- j9 js,44 5600 13,14 54.74 12.07 !3,.60 12.45 51,66
NOV L0 13,44 55,99 13.14 54.77 12.86 53,59 12,45 51,88

0OV--21 13.44 S5,99 13,15 54.79 12.66 53,t• 12.46 51,91
NOV 22 j3,44 S5598 13.16 54.82 12.65 53,56 12,47 Si,94
.orV " 23 13.46 56,08 13,16 54,64 12.05 S3,$4 12,4p S1,97

k0v 24 13.49 56,23 13,17 54.56 12.84 53,51 12, 4 52.00

NOV 25 13 51 56,30 !3,17 S4.88 12.8' 56,49 12.49 S2,03

4'OV 26 17.59 73,26 03,17 54.89 12.83 S,45 12,49 52,06

k0V--27 19.30 80,40 14,16 54.90 12.02 53,42 12 .0 52,09

kOV 2 18 .27 76 ,12 13,18 S4.92 12,81 53,38 12 51 s5,11

NOV- 29 03.46 S6,06 13,1I 54.93 12.fu S4,14 12 ,1 52,14

kOV 30 3, 4S 56,06 13.19 54.94 12.79 S3,40 12.b2 52,15

nC- -1 13.47 56,13 13.19 54.96 12.70 56,24 12.52 52,17

Zero deg: Page 14

4a



Gv~A~rl# Twit~ tirE&TFN Tw4 AN QRAT[E THOh GOEATEW l*Ah

tPCC 2 -. A
7  902 ;1.41 49.2x 2n.82 86.76 19.27 80.29

nCc 3 P 46 .Y ýo .4 7 AS. 3F. 19.89 a2.87 18.06 75. 20
PEC 1 4A.~ R 3.0a3 49.6.s 41.99 It. V7 790 16.70 A9 . 5
:prc 5 19 1! 79.6.- 1 . 7 . 5: 11, 07 75.30 14.V4 62.26
PECs 6 1 n ' A.21 1 4.01. 7!, l 17.12 ;I'j5 13.92 58.02
r EC 7 *7.41 72.87 4 .- '?1. 6 n C'. 99 66.61 13.,7h S7.34
L9EC 8 6. 7' 4.59 6 .2" A 7. Ap 14.52 6 j 13.1/4 72

A~V 1!.90 .5.19 A 3.? Q 14.37 59.6'9 ¶3.74 S7 .2A
f9[C i0 A, 4.67 .4. 7 t 12 14.32 :- 6k 13.) 74 7.2'

t'CC 11 1.*' 41.*44 14.71 A I.21. 14 .3! 59.61 j37 7.24

MEC 12 ¶5. 'A44 44.71 IL31.5 2! 6 59.87, 13.8 57-27

MEC 26 4 jAqe 7n±~ ¶S19 449 . :?.)-20 1 6 5.,9 .m 13. 82 57.41
flEC 15 iJ.9 Se,±8 5. 5 331 S49 1?t..37~ 59.a 13.8o 57.5f,

OLCl.EP- 1. SfJ7 5X..4 1 49 12.' 5xl 4,1o* 12.3 5y.2,21**
MCC 2 13.4" 56 .1!- 3.19 54.97 lp 1276 !) t19 12.84!0 52,10
MCC 7 I 3. 46 56,15 .. ',19 S4.97 12. 7b !)31.i 12.81P 52,221
fEC 1 j. 46 56 ,0 15 14. 54.98 12, 74 53110 Id.8. 54 2it21
nECc- -1 9 S61 58.) 5 !. d0 54.9!' 12.78 83.110 U t1.3 52,30
nEC ±0 13.47 56,11 1S . ?0 J4.9f% 2. 5 bJ.f10 12,84 52,12
nEC 7 J ¶346 5 e%.7V J. 10 543.96 412.007 53.1,4 i2.2.8 53,1
rIEC 13 13.401 55,92 i.1 do 4.98 28 J4 Z1

nr;C12 3 .S4.4 55,91 14.19 54.96 Ia.80 5.1,44 12.51 52,16

DEC 15' 13.4A 55,91 i S 16 So,.91 %2.64 b3.81 12.80 32, 07

Zero dog- Page 15

49
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GnEATrQ THAN &REATER TMAN GREAER ?"AN GREATEH TmAk

l.5x1n"vPw6 1. SxlfEXPS 1.5xlfl.p-4 1.Sxo0vC'3 a

DAY
"oF TMO TIME 0. _

YOAp I0'.RS TIME n/0 HOURS TIOURS TIME Ole HOUS TIME rTO -C

sIC $6 16.9s 70,63 j6.49 66.7n 14,49 60,36 13.83 57.62

-ir-•"T- 7 .10 74.53 17,52 7 a06 16.22 67,96 13.86 e7.84

ise 16 t8.7? 77,98 q8.42 76.7? 17.46 72,74 13.9t.

•L..Iv•- a9ft 61,1 19.21 80.as 16.45 76806 15.29 63;7?

rcC 20 po'?d 04.34 :0.02 P3.41 i9.35 8o,61 17.10 725

rEC' 20 A1.0' 67,48 . A6.77 20.19 84,14 18.43 76.81

VlcC 22 7%.6 1.01 21.63 @0.17 2i.03 87,62 19.$4 81.41

DEC 23 22.70 94.57 2.44 93.49 21.86 91,16 20.60 85.83

VIEC 24 73.49 97,89 93.34 97.2s 2 . 94,94 21.67 90.30

2y 1 ol looc 7.0 100.0 23,;2 98,02 22.7' 94.7A

l" 21 ."0 10,00 14.00 100.002 . .

DEC 6 94 .on 100.00 '.0 IO.On 24.00 100,00 24.0. 100.00 .o

ICC-V7 74.0 r 10,00 A4.00 100.00 24.00 100.00 24.00 100.00

Ire 2 ,4 10000 o4.00 100.00 24.00 100.00 23.39 97.46

DEC4.0• loO0 ,3.9o 99.6A 23.3. 97,29 22.30 02.91

(,&EATER TNAN GREAT[P THAN GREATER TMAN GREATCx TmAK

1.5x1X 10 2 1.5xIOEXP1l 1.5x IGCKP*O 1.5x10EXP*'

rEC 16 J3,44 S6,0 cc 3,17 S4.09 12.85 56,56 12.49 52,04

- 17 1,4S 96,02 , g4.56 12.66 5r60 12,47 8 15194

"5--C-'1 9 - 13,46 S6,0 16,1s Y,.0 12.6# 56,67 12,o4 5,1#9

rEC 20 13,47 56,11 1J,14 S4,76 12.89 5f6 1,45 S1,89

n.c 21 23.47 56,13 13,13 54.72 12.69 56,71 12,46 91190

tiC 22 13,48 56,15 13,12 54,67 12,90 53,74 12.46 S1,91

taEC 23 11,48 56,17 OS,11 S4.63 Iw.90 sa,76 12,46 51091

P'C 24 13.4f 56,67 13,10 54.37 12.90 53,77 12.46 51,91

EC0 2S- 13,48 56,11 160 54.51 12.91 537 12.46 19

VNLC 26 17,49 74,56 13,07 S4,44 12,.1 54,70 12,46 si,92

"rCC 27- 18.85 76,96 ,5.06 54.41 12.91 53,79 12.46 51,92

IICC 20 16.61 70,06 11,06 S4.41 12.91 53,79 %2,46 51,92

DEC 9'- 0,44 56o17 11,06 54,41 12.91 53,79 12.46 $1,92

'w

q..

Zeroi dog: Paoe 16

co.



GOFATrW TVIAN lOrATEN TWAN GOEATER TýOAN GlEATEw To,-N

1.SX10EYP-6 1.5xlnEPGS 1-5x IOCEP-4 1.Sx 1,E100,3

DAYof Tmr •

YEAQ "Oli's TI4E fio N0|JRS TIKr o0f "OtlkS TrmF 0on POIRS TImf r/n

lic 30 >3.2 96.71 72. .5 QS.61 27.40 93.3• 21.23 88.44
nEC 31 72.31 97.96 P2.12 92.1A 21.53 8Y.69 20.16 183.9fl
JAN 1 ;)1.49 A9,S 11.27 46.69 21,67 96,13 19.07 79.4f
JAN 2 2 7 m4 6.37 ->0.46 S. 2  19.8s 82,69 17.92 74.6A
jAN 3 19.97 83.21 19.69 '2.OA 18.9/ 79.OA 16.46 1.5A
,JAP 4 19 .2 r 0 .0? 18.91 78 .a IA. 0 7S.21 14. 37 S9.tg
JA- s 1. 4- 76.69 1 . 0a 75.31 16.90 70.75 X3.92 58.00
JAN 8 1 7 ' Y2.86 7.14 71.41 ±5.64 65.16 13.87 57.7A
JAN 7 168s. 69.01 16.04 66.8, 14,4? 60.09 ,8.s 57.63
JAN 8 15.49 64.54 44.72 A

1 .
.30 14.3 S9. 77 13." S7.S5

JAN 9 44.7- 61.44 ¶4.7w A1.2A 14.32 59,69 13.bc S7 .sp
JAN 10 14.

7
' ' S.44 14.71 A41.2L 14.32 59.67 3.79 C7.46

JAN 11 14.7c A1.44 44.7n A.2A 114.32 S9.65 153.7 57.41
JAN 12 14.75 1.44 4.70 412.0 14.31 59.63 13.77 s7.3s

G6EAL.4 TMAN GREAT(~o TwAN GOCATEW tHAN r.14LATEP( It-AN
-.54,EX2 1.Sx 1OExPwI 1.1x .lX.54Ox

CC 30 -. 40 56,1/ 1S 06 S4.42 1.2.51 53,78 12.46 S1,91
it-ir 13.4A S6,16 1S.0 7  S4.48 12.91 56,78 12.46 S1,91
JAN I 13.4e 56,1I 13,09 54.53 12.

9
u !3,77 12.46 S1,91

JN t 13,47 S6,13 13.10 54.58 12.90 53,75 12.46 51,91
jAN 3 13.47 S6.11 14.1i1 54.63 12.90 t3,74 12.46 51,90

"--W4- 4 13,40 Ss, 09 13.12 54,67 12. f1% 53.,72 12.46 51,90

JAN 5 13.46 56. 0 13.13 S4. 70 12.69 53,70 12.46 54.,90
-j" -- " 13.", 56,05 13.14 54.)3 12.8 !s3,67 12.45 51,89

JAN 7 Is.45 S6cO4 13.14 54.76 12.88 b4965 12.4b S1,89
-yl s J3.44 56,Oe 13.15 54.79 12.87 53,63 12.45 51,69
JAN 9 13.-4 56,00 13,.5 S4.81 12.86 53,60 12.46 S1,93

1NT ' 13.44 ,S, 90 13.1 54.83 12.86 53 !7 12.47 51197

jAN It 13.43 5S,96 1,.1. 54.85 12.85 53,53 12.4b 52,00
-JAM Id 13.43 55,94 1j,17 S4.86 12.b4 530 :2 52 ,03

Zero deg: Page 17
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GSEAYr9 THAN RREATER THAN GREATER TNAN GREAIEW ?OAA-

1,5 n vP6 1.Sx 1PEN035 1.5x IOEXP*4 1.5x ItEI43.

DAY

Ye,.l si)Q TIME f o4 0 OURS TIME oto "tO4S TTmE Oto MOORS TTmr r/n

JAN 13 is.22 63,41 14.72 61.32 14.31 59964 13.75 57.31

-~-J'----•"4- 6 A7,4
7  

0.
6 7  65.3fl 14.41 60.04 13.74 57.26

jAN 15 0.O1 70 .87 16.67 69.46 1S.16 68,13 13.75 97.24

m--16 17.66 74.41 17.54 73.10 16.50 6730 6 13.99 57.20

JAN 17 18.66 77.73 1S.37 76.5% 17.5' 73,06 .

~JAN to 19.44 61,00 19.17 79.07 18.47 76,94 IS. 74 65,60

JAN 19 20.23 84.26 j,.97 43.2fl 19.37 80.71 17.29 72.0S

j1h4 20 71.1F 67.91 P0.67 86,97 2c.27 86,48 18.54 77.26

JAN 21 21.98 91,60 l.74 90.'so 21.22 86,42 19.75 82.2A

?IW--2 22.97 95.71 72.71 94.64 22.21 92t94 20.95 87.30

JAN 23 .)39 .99,4 A23.7 98.79 23.22 96274 22.14 92,26

J--I-24 24.0C 100.00 24.00 1r,0.0 n 24.0C 100.00 23,29

JAN 2S 74.0' 10o.00 74.00 100.00 24.0C 100.00 24.00 100.00

jfk-6- 24.0n 100.00 P4.00 10o.00 24.00 100.00 24.00 100.00

GREATER TMAN GREAIEW THAN GREATER THAN GREATL" ThAh&s

I.SxIuEXPs2 1..sxICOXPaI 1. SxiOEXPp0 1.SXI0ENO-I

JAN 13 J3.4? 55,92 13,17 S4.67 12.63 53,46 12.49 S2,05

JN -- 14 13 42 5S 90 13.17 54.69 12.82 53,42 12.50 S2,07 -.

JAN 15 J3,41 55,88 1i,17 54.90 12.81 53,36 12 bo 52,09

JAN 16 13 41 55,66 1.108 54.9o 12.0U 56,44 12 .1 52,11

j A. 3,7 '.3 P Se6 13,18 S4.91 12.7v 53,6c .2 51 52,12

JAN 18 13,41 S5, w 13,1 54.92 12.70 53,25 12,51 52,14

JAN 19 13,44 55,98 13,18 54.93 12.77 54,21 12 ,1 52.14

JAN 20 13.46 S6,00 13.16 54,93 12.76 53,17 12,52 52,15

jAN 21 13.4b 56,16 33.16 S4.93 12.7h s6,13 12. 2 52.16

JAN- 22 i. 49 56,20 13.18 54.94 12.74 S3,99 12.b2 St,16

JAh 23 13.49 56,20 13.1 S4.94 12.74 53,09 12.52 52,16

jAh '24 16.09 67.05 13,16 54.94 12.74 5S3ou 12.b2 52,16

JAN 25 18,78 78,24 14,18 54.93 12.7' b3,09 12 .2 52,17

JAN -26 1 8.48 77,go 13.10 54.93 12.74 53,09 12.52 52,17

Z :

Zero dea: Page 18

5;.



* ...' *. 6 *•~ , . :"'i *...: .... f .6.. *. .,.• *. ., 1.,-..- ...... *.. U....

r~Cr:trN TM&'N OOCATFN ThAN GRCATER ?MAN GREATEN TO&%'

1. SXI -1V6 1.S5xl nFPWP 1.Sx 10rllp4 1.Sx 1n~wI'3

DAY

YEAR -0"-" t1M[ p/0 .0 1jRS TItr o04m -0lUS 1TIM 0/m m0iQS T1mr r/p

JAN 27 74.n, inn.00 24.00 1po.0" 24.00 100.00 22.fl 95.3s

JAN 26 )3.71 9,:74 73.4S 97.7t 2.95 95.64 21.93 91.36

,JAN 29 )22.9"~ 95.52 7)j .6aM1 94.5¶ 27.15 92.30 2 o. 9 85 7.27

JAN 30 2.1' 9p.32 7i. 9? *i-37 2i .35 80.9s t9.93 63.0A

49N 1 1 G 9j2 06-1, 28g n.52 8S57 18.02 78.4n

fEd I ;. "%.. 7 Q.
3
' '4.77 19.65 81,8' t7.' 72.65

FEb 2 j 9 .
7 ' O1 ,.sj .94A. 1- I jA .7o 7.2 I.

r[b 3 fN.9, ?7 .79 A.5v S77.4£ 17.61 73.3S 13.9n 97.93

rLu 4 17.q6 74,7m *7.59 73.29 16.26 67.76 jj.)3 57.2p

rCE S jh.9e 70.58 46.4M AD.6% 1 4.4b 6g,3% 13.7. 5.2a

rcsi 6 45. A. A6,IA *S.21ý £3. 3 i'1.29 59.54 13. Isj 71

rCEO 7 .4.7- A 1 *44 1.,7m Aj.2t 14.24 59.32 13.1s t73

?E a 44.74 A,.&! .4.bq A1.2P i4.23 5V.J1 j3.72 7I

VEc 9 14.74 61.t3 q4.69 A 2.) 14.2- S9.30 1 .. 2 57.1P

uI;LATt4q 
1

"AN4 4Rt& (EW TAN GNCAVIN THAN - GREATEN II'&N

1. Sx 1 1.-54auýxE.1 1oII. S5OxL0EIP.0 1.Sx 1u~xý*1

jA'A 27 4).9f. A6.26 1S.18 S4.93 12 74 53, U 12.t2 52,17

j V4 28 tJ.4' 5e,0 13,ii 54.93 12.74 53.09 1?.51 52,17

j A % 29 13.0 9S,96 4.16 54.93 12.' 7 S3.09 12.51 4 2.17

SJANK 30' I3.4, 55.8w i3.10 S4.92 12.74 54.09 12 .2 52,17

jArN 3 J. 5 5S,64 1. S4,92 2..71 $ 09 12.31 3 j. 17
F Ed 3 i.37 5 5.72 ¶3.10 549 12. 74 53,g 9  12 . b? S41

rE 2 3,3' 55,61 14.1I S4.91 12.74 S4.09 12 .51 5d,17

3 13.S4 S,45? 13.1 S4.91 12.74 03,09 12.5? 52,16

ra 4 13 .342 55, .51 j 4.It 9j4 .Qj 12. 74 54,09 Ic2.52b 52.16

;En 5 i3.3i SS,49 is.1w 4.90 12,74 •509 12.52 52,16

; r,. *s 6 !5 5,46 1J.j . I, 4.0 12. 7' 5 4 g9 12,5S2 52.15

FED 7 13,J1. 5,4S 13.1' S4.89 12.74 53,06 12.52 S2,S-

r* 8 13.31 55.46 1.17 54.69 1d. 74 !JtU 12,52 5.1S

1- l.3 S5.40 14.17 54.88 12.74 5, cd 12.51 b j14

Zero deg: Page 19

53



GOEATrR THAN GREATER THAN GREATfR TMAN GREA T ER T"NA
1.SxlfnEvP*6 1.5%IOEXP-S 1.5xIOCXP-4 1.5xiOEIPo3

DAY
of 7141

'[An wi0ORS TIME pin t4OURS TIME O#/ mOtIRS TIME O/A NI0)ws TIME C/0o

r[§ 10 14.74 61.43 14.69 61.22 14.23 1;9.30 13. 7 , 57.18

-rr*--- 44.75 61.44 14.69 61.22 14.23 59,30 13.72 57.18

rC8 12 1S.54 64.76 14.90 62.09 14.24 :9,3S 13.72 57.17
Sm- -- V- 16.4.f 68.35 9.s5 66.4S 14.41 60.05 13.7? 57.16

rEB 14 j7.23 71.70 16.87 70.20 1S.59 64,97 13.73 57.21 t

FEB r u7.99 74.97 j7.71 73.79 16.75 69,77 13.74 S7.26

FES 16 ¶a.9A 78.77 18.61 77.56 17,77 74,09 14.33 59.72

VET 17 19.7 82.25 49.49 S1.19 18.79 78,29 16.28 67.82

cEt 18 ;) o .7 2 66.35 70.46 A65.-2' 19.82 82.59 17.d5 74.38
r[B- f' .71 . 9048 p1.45 69.37 20.86 86,90 19.2? 80.07

rib 20 72.71 94.61 72.45 93.52 21. 8 9  91,21 20.51 eS.48

rE1 21 7 3,6P 98.6S >3.43 97.6v 22.90 95,42 21.76 9r .66

FEb 22 740r, I0,.00 P4.00 100.00 24.00 100.00 22.88 95.35
p." 73 74.00 100.00 74.00 100.00 24.00 100.00 24.00 100.00 N

GREATER THAN GREAIER TNAN GREATER THAN GREATEm TMAK
1.Sx IOEXP-2 1.Sx 1OEXpri 1.Sx IOCXP*O 1.5x 1OEXI*1

rES 10 13.32 55.49 13,17 54.e8 12.7' 53fQg 12.51 52s14

-rcE 11 13,32 ssso 13,17 S4,8? 12,74 Silo$ 12.51 52,13

FEb 12 13,32 55,51 j1,17 54,67 12.74 53,08 12,51 52,13

rc E 13 13,33 55,52 11.17 54,66 12.74 56,8 12 .5 52,12

FEb 1,4 j3,33 55,54 -,16 54,65 12.74 53,06 12.51 52,11

FE8 15 13.36 S545S 13,16 54,64 12.74 53,00 12.50 52,10

rFE 16 13.34 SS,7 11,16 S4,85 12.74 5S3,0 12,50 52 ,09
F e 17 13,34 55,59 13,16 54,82 8.2.74 S3 f7 12 50 52,08

F L 18 I 3.35 SS,61 13,16 S4,81 12.-7 53,07 12.49 52,06

rO 19 13,3s5 5,66 S6.15 54,60 12.7$ 5311 12,49 S2,04
ryv 20 13,36 S5,66 33.1s 54.79 12,75 S3,14 12, 4b 2,02

rEo 21 03,36 SS 8 1i.14 54,77 12.76 53,16 12,48 52,00
FEb 22 13,37 55,71 13.14 S4,75 12.77 S5 23 12,47 51,97

FEB 23 18,29 76,20 13.13 54,72 12.70 53,27 12,47 51,94

ýp.

',4

IN

Zero deg: Poge 20

5.4
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G.O GQE&TfW TWAN GDEATFR THA14 GQFATEW TiA

1.54 1. 5xi r-E V~'. 1. SXlr-E X W.4 15XI A ICrp-3

)AY
-* TWF -

f[AD .0141 TIME A/0 -O"is Tlpq ron "01RS t1lE n/n 41O1kS TimFr /r

PES 24 ;4..0A 100.00 74.•00 lfo.on 24.00 t00-on 24.00 loo.Or

Fro 29 74.0. 1 Inn.00 14,0or 100.O0 24.00 100.00 23.•n 97.9;

fEb 26 74.•0w 1 m O.OO 4.00 1no.on 23.5S 98,11 22.59 94.14

ITU 27 ;3•49 97.86 73.0 @7.08 72.74 94,1 4 .as 90,2.-

rEi 28 .2•71 94,72 72.49 3.7?) 21 92 91,44 20.( 85.9•

601 1 71.90 91.S1 71.e6 90.38 P 2.07 87.8 19.46 A AI1

ooAm 2 ., . 4A18.06 )a 0A 06.93 2 n.1 - 8R3, 19 Ib14 5-

MAN 3 ;0.21 A4,22 19.92 A -an 19.12 79,67 16.39 AR.S!

wAt 4 8.89" 79.10 a1.71 77.9% 17.93 74,7g 14.10 te.3S
ujR 5 1 7.9j 74.94 .7.6 K 73.60 14.67 A9.40 13.7 5 7.44

MAN 6 6. QA 70.74 6.62 A4.7- 15.20 6 A37 t2.
7  r 7.I

iAR 7 I1.9. 46.52 15. 46 A4. 4 14.2) S9.17 13.6• 1 t 9r

PAW a 14.9S 67,30 .41 Am,.37 14.I? S9.03 13.6 S6.9•

".oAR 9 14.'.' ý 4fn.40 4447 Lu.?2 14.15 58.96 13.67 56.07

GPEAtE7 TmjN GREATER TKAN GREATER THAN GREArTEN tMA
1.Sx 1,,Ex 01-2 1. Sx IOEX R- 1 1. Sx 1OEX 11-O 1.5x 1OEX i0* 1

rEd 24 i9.Su 8i.26 i3.12 54.68 12,79 5itst 12.46 5119c

rCm 25 026,6 76,10 13.11 b4.64 12.80 •S,44 12,45 91,t7

FCC 26 13.44 S6,0O- 13.11 54,61 12.81 53t38 12,44 51,04

rEd---27 13.44 56,01 11,10 54.97 12.62 53•,42 12,44 51185

rEs 2d ¶.544 5SI99 13.09 S4,52 12.83 54,45 12,45 S1,85

ui- 1 13.4 515,96 13,07 54,47 12,84 53,49 12,45 51,06

AN 2 12 J.43 5S.94 0 ,06 S4,42 12.84 SJt1,2 12.4' 9,86

PAW 3 13,42 S5, 9 13.04 S4.35 12,85 54,54 12.45 91,07

,&A 4 13.4 55,92 1jOj 54.28 12.86 54,!6 12.45 51,87

WA. 5 J3.42 S5,91 13.01 54,20 12.86 53,29 12,41 51,86

0,AN 6 13,42 55.91 12,99 54,14 12.86 $S360 12,45S 5108e

A '7 3.42 5S,92 12.99 54.14 12.87 53,62 12.45 s1.16

IA P 13.42 S5,94 12,9v S1 5, 12,87 53963 12,45 qjde

A A 9 13,42 5,9 12.99 S4,14 12.87 53)64 12,45 51,86

Zero deg: Page 21
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GDCAYFA 7.44N GREATER TwAN GSCATCA TMANd GREATEN TWO*'
1.5XlOCIPS6 1.Sxioexpwps LX01.SlOI# 4  1SlCt

DAY

YEAR molIRs TIME goo "OIJQs IM'o, o' 71" 1 401S7"t gob 040''S lIMF F/O

WAR 10 14 ,5#1 '0.40 i4.47 A0.27 14.11 10.96 13.67 96.97

iWp--a 14.9fl $0.40 14.49 6D.27 14.1 see9*$ 13.6? 96.97

04AN 12 14.sm 60,40 14,46 66.27 i'.is $80,6 13.67 96.96

V1 W- 11* 14.66 61.90 14.47 40.30 14.16 go.,, '13,67 96.96

NAN 14 157 65,93 0~.22 43.40 14.22 4)9.24 13.68 9.9f

MIR i's 16.64 69.12 46.29 47.61 14,67 10114 is 5 7.08
OWAN 16 17.49 72.69 07.19 71.64 16.10 67,06 13.7$ 97.29

001R , 17 8.47 76.96 16.16 75.75 27.23 72.20 13.85 97.73

OWAf so j9.46 61,09 09 .18 79.91 14.40 770 lip. 4 64.06
PrI-Tr 70.46 85.2s 20.19 P4.14 19,60 81.66 j7.36 72.33

teAk 20 71.4 89.36 71.19 AM.24 2An.6 7 $6.11 20.91 78,78

o-R21 72.67 94.24 ;2.37 43-27 21.73 90.53 20.268 144

PAW 22 73.4A 97,62 '3.21 06.7i0 27.66 94040 21.67 09.47

S23, 4.31 1 f) 0. 0 0 4.00 1110. 0~ A wl5b 98,14 22Z.ýt 91.94

OREATEN TNAN glICAYER IwAN 449091R ?MN~t OWAE! Y4AK
1.5X1011Ps2 1.Sx SoExpal 1.5XC1e IXIOIIPOS*

I-Ak 10 il,42 9559 14 31.9 54#1' 12.66 s1,61 &24 51,09
V'AR 11 13,42 55," 11 1.99 94.14 12.19 $406 1 12,45 s8
0, A 4 2 1 a 42 11,93 11,91 14.14 12.06 11,63 12.4 9 9*
OvAW 13 Is,' .,9 sso 19 94014 Itof 58t 69 12,4 1,9

P A P 16 1342 519 S1,9 9014 &23.87 $$its t2.66 11,001

PA*- Z.6 11,42 to%,9 13,9' 94,014 12.81 si 1 3.61 &26 1,#$
'I AR 17 13,42 11,92 1ii.t 5 01', 12,06 14,09 12,45 $&,so

SwM i b 13,42 15,92 11.00 14,17 12.16 11,17 12,61 3 1 I07
'A Pl 19 134 95,03 15.02 94.25 12.,01 51,54 12.40 11,17

P A'd 20 13 41 g1,94 1&, 01 64,J4 12,05 61,)k 12,41 $1066

0 A 0 22 13,'3 of,9& 13,07 54,47 12.02 gilds 12.44 It's$

~'23-1 3,'3 55,96 13,0' 54433 12.81 53037 12,64 9,

'IV

Zero deg: Page 2?

I..



I.A ýjd 't3 1'60.0 1'.0 5 1 ( .0- 14. O P 1000 24.o 10xr 0.00

&An Is 24.0 10M.00 Id.60 1O A. 0 7A.00O 100.00 ?4. 0 t 100.00
PAO 21 740 110,0O .O 1AQ.Oft P4.110 100.00 24'I*0 q-0

0 u~ '49 .9~ .7  "1 7 G.#* P3.0~ 94.51 12 . 4.4 t

P'P IN,3 I09 1 9S ' S54 . m'?'7

I- 02 .A*5( 4401 A4 1 1 A 7-i .e4 A)*7 02.77

WAR 4 .54 AA.bA 9.,97 s?.34 W4.34 M4,04 I3.50 77.07

1." 04X .04@ #. I 9 #CAI . 2 19.29x 14.360 le.Sx 7~.2

AFN 2 92 9 A t a 7397 1191 5401 101.~ 1 57.7 1,4 7A 1.51

4.A 25 7~5 ?16 11.41 144 12.7 . /2 51.45

APR' 2 .19A AA.0 60 4 1 1. 012 A 5, 1.71 64s 6011 14 .3.7 71.91
APR 7 4S.11 bg,30 .4.94 54.24 1.2.1 ,59.0 13.71 17.13

A4' 267 11,31 73,34 11,&0 $4.712.3110 12,79 $11 L2,44 $loss
"A X 29 11,41 41,69 11 a 5I 4,63 12.70 53139 12,45 It,04

A, 2 i19.3 10,61 is.12 54,79 12.7' $411 7  &2,04 51,94

A k-27 16i,02 75,10 131,1 54612 12.74 91110 &2,47 12,90
Ad26 11.25 #5,94 13.14 14.62 12.," SS IOt 12,44 52.101

VA &" 41 11.20 99,S4 13,15 54,61 12.76 SjQ7 12051 52,02
AP ' 11.25 55,20 16,15 54,41 12,74 $1,07 12,50 52,12

A 00 w 1.25 55,20 13,16 94.63 12,76 Ss 0 7 12,.5S1 52,12
S4 13.25 55,20 14.16 544.0 12,7" $4.07 %2.51 52,12

Zero degý Pag@ 23

A~ ~ 4 S L 4m 16q %A'*L XW V V, 4 j i' , '



GGUCA?7 74A'V GREATER THAN GREATER ?"AN4 GREATER ?T4AK

1.5XICCWPe6 1.5YACE!PPS 1. Sxi0EI CP-4 1.5x1C0XP-3

DAY
Of T'HE
TEA$ ow0ioRS TIME Vio ,'ouRS TIME oin e.OLIRS TIME C/o moiQiIS TIME C/o

00R 7 14.74 61,44 44.69 04l.2o 14.21 99,2S 13.71 57.13

APR 9 14 .74 614 j4.69 %1.19 14.21 59,22 13.71 57.13

Ir1i u--1 14.74 61,43 446 61.19 14.21 59.22 13.71 97-12

APR &1 14.74 &j.43 44.69 A-0 14.21 59,2? 13.71 !7.12

Awn 12 4S4 64.2S is.72 A I -33 14.23 59,26 13.71 57.12

APR 13 16.41 66.38 is.91 A6.3r' 14.37 59.87 13.71 S71
j~pR -14 17.4? 72.60 17.04 ?0.99 15.01 65.o6 13.72 S7.16

APO is iS.44 '6.62 18.11 75.44 17.02 70.91 13.74 57.24
w3 jIf 14.44 6l. D0 19.14 79.75 16.26 76,08 14.25 .3

APR 17 ý'0 .d 4 '5.05 70.13 03,801 i9,39 80,60 16.76 69.91

APW -11 71.?4 56.52 71.05 a'7 .6 650 0 n4 sl 54 77.05
APR It 72.17 92.38 'n.92 '1.34 21.35 68,97 19.80 82.5?
IFR- 2 I 72.f/6 956 22 7 94.62 22.21 92.52 20.9? e7.18

GREATER TMAN GREhlER TWON GREATER THAN GREA TEN TkAk
l.Sx10ExPo2 1.SxloCxPe1 1.5x 10E1ps0 J.5x1OEXPt1

A -i 7 13.2 6  55,23 13,16 5 4,t62 12.74 54,07 12,51 52,11
A P 6 15,26 55,11 16,16f 54,12 12.7' 53107 12,51 52,11
APO 9 0S.29 95,16 13,15 54.41 12.7' jQ 12,510 52110
A, 10, o 13.31 $0144 14,15 *4.00 12.74 sajoy 12,900 slice
AA 11 l 13,52 56,51 13,15 54.79 12.7' $3107 12,50 58.06
APO 12 13.33 55,31 16.15 54.77 12.7' Salo? L2,'9 9J,04

APO 15 13,34 55,60 13.14 54.76 12.74 53,09 12,40 52,02
APR~ 14 J3.35 S5,64 jS,14 S4.74 12.76 S6.15 12.40 52,00

pKis 15,56 55,66 13.13 S4.73 12.77 S3121 32,47 17
APR- 16-. 151:37 55,72 15.11 $4.71 12.74 54,16 12.47 91,94
A P P 17 13,36 55,75 1,1.1 54,69 12.79 53,31 12,46 519
APR--I 13.39 55,70 11,18 54.68 12.60 53135 12.45 51,69

APO- 19 13,39 55.61 13.12 54,66 12.01 543,9 12.45 51,66

A-PR 20 J3.40 55,14 11.12 54,65 12.62 s642* 12,44 51,65

Zero deg: Page 24

A AA N A r --& A- L X9IRn qV-I ATAC f-A IAA " .I .x OA .LI _A , qPL' * I .



(InFATrW TMHA tQEATFR T-AN G,0c4TFQ THAN GOWtEN TI-AK

1.SX.•'-VP,6 1.SxInEIPS 1.Sxl PEIpP4 1.Sx IfCYP-3

DAY

YEAC .- 0"'s TI.E nm / TZr n/n M01IJRS T14F OCn NollS TIMF ri/

I 21 23.77 98.84 ;3.47 07.8n 23.01 95.87 21.95 91.44

APR 22 24.flt 1060.0 14..00 1 0naf 24.00 100.00 22.88 9S.32

APO 23 -. mr IOf)0 14.0n Ir•.On 24.00 100.00 24.00 100.00

APR 2A )4.fl 10.00 '4.00 n 0.0 n 24.00 100t00 24.00 100.00

APW 25 ý4.0 1 10.00 74.0 n 'm0 0 m 24.00 100,00 23.71 90.79

APW 26 74.0" 1IA.00 14.00 1-3.01 2ý.63 90,45 W2.63 94.30

A100 27 13.41- 97.82 -" .21 Q~6 . 7 22.66 94 , 41 71. In 89.57

APR 268 ;.49 q3.?0 ;2.27 o).79 7 21.66 90.A 20.25 84.38

APO 29 -;.1Q A9.56 91.28 ' .h7 )m.63 85,96 18.91 78.78

APR 30 >0 SP AS. S o '.29 44.34 19.59 M1,26 17.5n 72,94

)-AY 1 .9 .60 fM1 ,.75 19.33 A1.,5 el ¶R.54 77.26 15 l A6.jS
dAy 2 m. 7 77,94 -6.40 76.6A 17.51 72,94 14.04 56.4A

mAY 3 7.84 74.35 17.52 72.99 16.45 68,54 13.86 7.74

pky 4 '6.9k9 
7 p.77 16.65 A'v.3A 15.26 63.58 13. On 57,51

GQEAYT' THAN GREATER TPiN GREATEN THAN GPLATEN 11Ah~

1.SS)OEXP'2 1.Sx 1OEXP-1 1. Sx 1OEP#0 1.5x IOExP*'

0P9 21 13,41 55,66 13.11 54,63 12,0 54t45 12.44 51,85-

APb 22 45.64 65,I? 13.11 54.61 12.84 53,48 12.4t S1,66

Ar'" 23 18.79 78,30 14.10 S4.59 12.64 54 ýl, 12.45 51,d6

AaX- 24 19,92 8 2 .9v 13.10 S4.56 12.85 54,53 12.45 51,87

APO 25 10.12 75,51 13.09 54.54 1Z.8a s3aos 12.4) 515,7

Ar'- -26 1J.4A 56.0' -.3.09 S4, 53 .6-8 53 !16 12.4s 51,07

*PO 27 13. S6 I80 S 1 4.0e 54.51 12.86 55.a8 12 .4 S1.87

AP- 28 1J.45 56,Ub 13.06 54.50 12.06 54.59 12.45 S1,88

APl 29 13,4 56 ,04 13.00 34.49 12.06 54,60 12.45 51,88

Apb-i13 G 13.4, S6 0d 14.08 54.48 12,7 5$,61 12.45 51,6e

wAY 13.44 56,01 13.0
7  S4.48 12.67 53,62 12.4! 51,86

AAY'---2 13.4" 56,00 J.07 S4,47 12.1 b !,03 12.45 r1,86

,AV 3 13.44 55,9Y 14.07 54.47 12.07 53663 12. 45 51,88

,AY' -4- 13.44. 54,94 -A.07 12.87 53,64 12.45 51,tb

Zero deg: Page 25

5)I
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GV[A?!R THAN nROATER THAN GREATER THAN GREATEW THAK

L.SxIoEvP-6 1.SxIOCEPWS 1.SxIOCXP-4 1.5x 10EP-3

DAY
or ?mr

YEAR .mO"RS TIPE 010 #OURS TImr o/c mOURS TIME 0di HOURS TIME C/o

"AVY 5 16.19 67,4S 15.70 AS.41 14.37 59,66 13.77 97138L

-PT 4 11S5.33 63.88 14.71 #1.2p 14.30 59156 13.76 57.35

PAY 7 14.74 61,44 J4.70 '1.23 14.29 59,52 13.77 57,36
"'1M- '- 14.74 61.44 14.70 I1.23 14.29 59,t3 13.7, 57,37

PAY 9 14.74 A1.44 14.70 A1.24 1 4.29 S9,54 13.77 S7,38

.'LT 10 14.74 61,44 14.70 A1.24 14.29 59,15 13.77 57.39
WAY 11 14.94 62,23 ,4.71 127 14.30 s9,58 13.78 57,41

AY 12 16.04 66,02 j5,46 64.40 14.35 59.61 13.78 57.43

PAY 13 07.12 71.33 16,69 69.53 14.98 62,43 13.79 57.47

io"v- 14 s6.14 75,58 17.78 74.09 16.62 69,23 13.81 57.54

WAY 15 19.06 79.42 8,77 78?.21 17,92 74,67 13.96 68.19

14Y- 16 19.9A 83,17 09.69 02.04 19.00 79.,, 16.07 66,95

PAY 17 .0.74 96.42 70.S3 0s.s5 19.96 83,19 j7.87 74,44

1WE-11 >I.so 89,98 ,1.3S A8.97 20.82 86,79 19.17 79,88

GREAlE,4 T A N GREAIER TmAN GREATER THAN' GREATEN TI.AK
1.5xIOxP-2 1.5xIOExPeI 1.SxlD0IP*O 1. 5x 2.QEXP-S

"Ay S 13,44 S5,99 13.07 S4.47 12.87 53,64 12.45 51,88

-AY--6- 13.44 55,99 1i,08 56.46 12.87 i3,6s 12.45 51,09

PAY 7 13,44 56,00 13.08 54,49 12.8b 53,65 12.4S t,9

PAY 8 13.44 56,00 13,06 54,50 12.5' 53,65 12.45 51,89

pAY 9 13.44 56,00 13.08 S4.51 12.8b 53,65 12,45 19
WAY- 10 13.44 56,00 13,09 54.52 12.80 53695 12. 4 S1,89

MAWv 11 J3.44 S6,01 13,09 S4,54 12,.8 53t,6 12.45 51,89

PAY' !2 13.44 56,01 13.09 56,55 12.68 '3,6S 12,4S 51,89

PAY I 13,44 56,01 3,310 54,57 12.56 63,6s 12.45 $1,89

-oAY--14- 13,44 S6,01 is,10 54.59 12.6b S,65 12.45 S1,89

PAY 15 03,44 56,01 13,11 54,62 12.80 5,65 12.45 1,89

PAY--16- 13.44 56,01 13,11 S4,64 12.87 53,64 12.46 51,88

WAY 17 13.44 56,02 13.12 54,67 12.67 5,64 12.45 51,86

PAY- •16 13.44 56, C2 1,13 54,69 12.07 !),63 12,45 51,86

-~I

" 'F

Zero deg: Page 26
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GOEA7Cw Tm&ih GREATER Twah GREATENJ ?M4' GGEATEW I)-Ak

1. Sxl 'vp.6 1. SxlftE vPvS 1. 5xiDEXP-4 1. 5X1I0VP*3

DAY
CF Tmip

YEAC .'o'uP TIMC 1,00 401IiRS TImt, oip~rIW TTtOir, 0/ ~i TI'm t1@

10AY 19 722 92081 72.13 Q2.20 21 0. qtt17 20.2, 86.44

iPrY-2D 2,1.0' 46.08 72.90 9S41 2-5 9 7 21.28 86,65

GI;EAtE" TMAK qAEAl(I4 TOAN GREATEN THAI, GWLAIEN Th.4'

MAY 19 13.46 56.0d 16.13 S,4 .7 12.07 !)S,62 12.45 51,8b

Zero deg: Page 27 %

61-V

%JV~tVW W '%fUVIWU L,0 tptm Ltd -4 fw Lt" -d % L -Ie%..t V Lr



TABLE 2

Number of Hours in which Illumination

Exceeds a Given Level

Thirty-Degree Latitude
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(icFArw Tm&Nt 14EATFO 
T .'Aj GUEACIJ TMAPd GREATC" T,..4'

l.SdlAfwU.6 1.SxlmCw9 .5 ..SAPECx.4 1.5x~ 10EvP9.4

,DAY
CF Ildt

-. YEAR -Oi'MS TIO-E-if -o"fr Y!mr Otto ý.Ollws TIME 0it0 0.O''45 ?ImF fic

BOAT 22 4 74 ;9 6 .9 7 710.64 16.53 68,86 19.60 65.85

PAY 23 4 1. 4 I 7. Le -19.34 'Ph. 4i If 6. 69.91 S15.03 A5,95

"OA Y 2' 9'Q bp 9? -9.45 a I-0 p 17.83 7.27 15.85 i .0

M0AY 25 ?- "I A2 5 IC.3
4  

0'4.14 19-14 79.76 1S.96 A6ýe

I-AV 27 ')1Q . k )160 -)1.70 f O.4:) ?6.93 67.21 1 .'.2 75. 44

PAY 26 ) 9.5 S' 139 2.S1 0 2.94 21 .6 W 9 0 - Ic 19.44 @1-01

lA Y 29 ?. 1 9A V -)v.87 'j5.24 72.2S 2 ~6t 1 204 !S. 07

P'AT 1Q ~4 A- 1 .AO -3. 41 1 7 !4 22.82 9S. ftQ4 U. ? A.

I-Al 31 "A 1.0 0 S'1 ' 08F 2A .41 9 7.g Sr 2.ý8 9.1

*Jut. 1 '.'4 lln.oo0 -~ 4 . r 1,' *.nm -,)4 .f 1.00.00 2 -:. 87 52

JUN' 2 "4.0 1^10.00 24. 00 1" -or, 24 .00 1.00 10 2 .d 99.53

GOEkL.4 IMAX GpitAlE' ToAN GREAT~k TMNs ~ GI4EATEH TOAN#

PAY 20 is. S'A 63,81 146.94 62.2s 14 .SO 6391 74 4. 15 56,96

PAY 21 153 63,96 14.9b 62.29 14.61 60.86 16.16 Sv,02

PAY 22 IS-37 64,QJ 14.,96 61..32 14.66 60,95 14.1.6 59,10

W.AY 23 15. 31 64,10 10.90 62.44 14 .6t 61,02 1.4.21 5f,20

PAY 24 64.' 4 a I !Pt.01 42.5? 14.66 61,99 14.23 $9,29
PAT 25 1S.41 4,.20 15. Q4 62.68 14.&to 61,15 14.db 99,38

W.AY 26 S~. 4w 64t 2:0 No. Go 62.82 14.6v 61#20 2.4.27 59,44

MAY 27 !o. 4 t 64,36 15.10 1%2 .93 14.70 61,2d 14.40 59,51

WAY 28 15.52. 64 , 6e 15.1J 63.04 14.71 61,28 14.30 S9,57

PAY 29 1S5 .!) 64 , e 15.15 A4.11 14. 71 61,41 14,41 59,62

I. ~ AY 3D 1 ¶.5v5 64198 15,16 63.1)7 14,.7d 61,44 14.32 $9,66

M'AY 32. 156 49.06 1 !. 17 43.22 ¶4,4.74 61,46 14.43 99,70

Jj. At i 1 5. 64 6 5, 1 1S.15 0S.27 14. 73 6114d 14.j4 59,74

,JUN 2 15.60 05,16 15.19 AJ.30 14.7' 61,40 14.4' SV,77

Thirty' dag: Pago I
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GoEA?rR IMAW GqREtER TMWA GPC4Tt ?THAN CQEATEH ?0AK

1.5xjf!tPv6 1.Sxi0CxPes 1.5x10CP04 1.C5x0EPv.3

YCAD o.0oRs TIM t n/0 wOURS T?1r o0c HOURS TIME 00 e "OURS TIMF r/0

JUN a '4.0C 100.00 94.00 fln.O0 24.00 100.00 24.00 100.00

UN 4" 74.00 100.00 !4.00 100.00 24.00 100.00 23.75 9A.97

jUN S 24.0M 100.00 74.00 1O.00 23.66 98,47 22.38 95.26

jUW 1 .3.49 97.87 73.22 96.77 22.68 94,49 21.20 88;33

IN 7 ?2.6P 94.90 92.41 03.87 21.79 90.60 20.06 63.57

JU 68 a 1.92 91.35 71.69 90.21 21.01 67,54 18.99 79,14

Jjuh 9 ýt.47 19,47 71.16 P',26 2m.3
4  84,74 17.92 74,66

Ju- i0 70.119 67.06 2o.99 4S.18 19.66 6s,9s 16.64 69.35

JU 1 70.?7 44.0 19,97 03. 2 2 18.98 79,09 16.24 67,67

JON 22 19.75 02.22 49,41 l0.66 16.22 75,90 16.19 67.44

JU" 13 '9.2A 79.98 48.60 ?6.35 17.26 ?1,92 16.17 67,36

Dup- 14- 18.S6 77,35 16,05 75.21 16.98 7O.79 16.15 67.30

jt 9 15 i7.67 74.46 17,4S 72.7i 16.92 70t49 16.15 67.28

g-p,- 17.49 7 2 .09 47.46 72.66 16.90 70,43 16.15 67,27

GBOATC'4 TATAN OREATCH THAN GREA*CH AN REA1Ej T?.AK

j.5x1.OCXP?2 1.Sx1OCKP91 1.5x.OCiXP* 1. 5x iox[P*e

JUly 3 15,64 65,17 15,20 63.33 14.74 61,41 14,36 s9ol5
•UJ1 c4 19.64 69,17 15,21 63t36 14.74 61,43 14,39 59,96

JUNT 5 15.65 65,26 1,21 63.36 14.74 61,44 14,41 60,05

j•71q-"-- 15,66 65,27 13,2- .. 640 14,5 61,45 14.43 60,13

JUN 7 15.67 65,30 15,22 63,41 14.75 61,46 14.45 60,19

JU& -8 15,67 65,31 it,Z2 65343 14,76 61,37 14.46 60,29

JUN 9 15.68 65,32 15,22 63.43 14.60 61,60 14,47 60,29

JU -D-- 15.66 65,33 15.23 63,44 14.81 61,77 14.48 60,3

JUN 11$ 1.6
8  695,3 15.23 63.45 14,4 61,65 14.48 60,35

U-T7- 15.68 65,13 t 5,j2 62,49 14,6 61oVR 14,49 60,37

JUN 13 J5.60 65,33 0S,23 69,45 14.68 61t90 14.*9 60,38

jU;--4" 15.66 65,3i 15.2s 63.45 14.09 62,03 14.49 60,36

JUN to 15.68 65|1 15,23 65.48 14.90 62,07 14,49 60,30

"JjW--16 15,6 695,•2 15,26 63.5 14.90 62,10 14.49 60 37

r,__

Thirfv lea: Page 2
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G0EA?rR THAN qO[ATfR T"AN GREATFO TNAh WATER Ti.&a

l.SxVYp-6 1.SxlpcEPos 1.SxlrcIP.4 1.SxIlnEY0-3

DAY

YEAQ. ?Iiw% nl~ M/ -otiRS Tlmr 0'n m.flORS ?TIEC cmr -a'ls 77"r emn

JUN 17 1 .41 72.89 17.44 72.6A 16.91 70,46 16.14 A7.26

JUN Le8 17.49 7 2 .89 17.44 72.64 16.91 70,48 16.14 67.24

JUN 19 ?
7
.'9 72.89 "7.444 7.66 16.92 70.S0 16.13 67.22

JUN 20 ,7.' 72,90 T7.44 '2.67 1A.93 70,S3 16.1s A7.20

JUN 2. iti.4" 76.66 17.69 73.71 16.9? 70,72 16.12 A7,18
JUN 22 Q. 2r' 79.96 qj.72 7.4.0m 17.15 71,46 16.12 L7. 1

JUN 23 -9.P A; Am .85 -9.40 A ,17 l%.1
4  75,60 16 .17 f7.37

JUN 24 6 0.47 AS.27 20.15 '3.9 19.12 79.66 16.27 67.77

JUN 25 .9 R7,4S 'ýo.?1 06.2 14.86 82.84 16.61 69.20

JUN 26 71. 51 o. 12 70 '1 .2. AMAA 2m & 8 58 t7.89 74.S2

JaUN 27 72.11 42.21 71,86 2i .00 P1 .17 08.19 19.10 791

JUN 28 12.71 94.62 ;2.43 96.47 21.74 90,81 19.91 P2.97
JUN 29 7ý. .4 97.2S -;.I.10 *ý.-2A 2).44 93#• 52 io.? P6.6 A

JUN 30 74.nr Iln. o0 7,1.83 Q,3S 23.1I 96,60 -L 1I 90.59

GPE&fE'o TWAN IrCAFEW TwAN GREATEW THNA ~ GREAEm Tta

1.Sx!i.XP-2 1.5x0lE X-1 1.SxIOEXP*O !.SxIOEXP*l2

JUN 17 15.o7 o5,30 5,oe 63,65 14.91 62,23 14.49 60,3S

•jL, I8 15.67 65,29 1 ;,e9 63.71 14.92 6j,16 14.4b 60Q,3

JUN 19 jS.67 6S,27 ISC 63,76 14,92 6¾1t8 14.47 60#29

JUN 20 15.6' 6S,2! i5.3J 63.80 14.9S 02.20 •4.46 60,25

jUN 21 IS.65 65.22 1S.42 68.84 14.93 62,21 14.46 60,3

JUN 22 15,64 65,19 1S,33 63.86 14.93 62,22 14.46 (C,23

JUh 23 15.64 6s,16 45.33 63.88 14.93 6J,22 14.46 60 2S

JUN 24 1,65 65,2; IS,3 63.09 14.96 62,22 14,46 60,23

JUN 25 15.66 65,26 15,33 63,89 14.96 6J@22 14.4S 60,23

JUN 26 15.6) 6S, 2 9 15.3* 63.68 14,93 62!d2 14,45 60,22

JUN 27 1 5.611 6S,32 45.3S 63.87 14.94 62,21 14,45 60,21

JUN 28 1S,67 65,30 ¶S,32 63.84 14.93 62,20 14,4• 60,20

JUN 29 15.60 55,26 15,31 s4,8n 14.92 61,18 14.45 6019

JUN 30 15,64 6S 11 15,jo 63,75 14.9d 62,16 14.44 f.g017

* ..

olo

.4

Thirty deg: Poge 3
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GREATER THAN GREATER THAN GREATER TMAN GREATEN TOAK-
1.5x I lVPu6 1.Sx IOEKPS 1. Sx IfitIP.4 I.Sx I AEIP$3

DAY
Or THE

YEAD NolQRS TimF 0 .'OtORS Tlmr oto ,,OUR1S TIM£E 00 -OIS 7T1r C/n0

JUL 1 14.0n 100.0') '4.00 l1nO,0f .4.00 100.00 22.73 94,71

",JUC----- )74.on 100.00 '4.00 lfnO.on 24.00 100.00 24.00 100.000
JUL 3 24.00 100.00 P4.00 Ino.oc 24.00 100.00 24.o00 100. 0o0

""U-- 94.0ft 100.00 '>4.00 Io.on 24.00 100.00 23.o0 95.8s

JUL $ 74.00 100.00 24.00 1nOO0 23.43 97,64 22.06 91.92
JUL - 73.S9 98,27 P3,36 97.31 2p.71 94,63 21.1s C8,14

JUL 7 22.97 '5.70 P2.70 04.5s, 22.07 91,96 20.27 84,44

JUL A 72.42 93.42 72.14 02.27 21.4S 89,36 19.36 80.69
JUL 9 •i.87 91.ij4 %.9 89.9A 2n. 9' 86.84 16.S4 76.41

JUL-~ AV 1.31 AS.78 '1i.02 pR7.57 20.17 $4.09 16.89 70.37
JUL 11 20.7$ 86.40 ?,.43 05.17 19.42 0.91 16.0U7 66.94

JUL 12 70.17 84tO2 9.7b A2.4l 18.46 76,90 15.96 66.50
JUL 13 19.45 '1405 18.99 79.17 17.08 71,17 15.92 66.34

jU '- 14 08.64 77.67 47.98 74.91 16.74 69,74 15.dQ 66.2f'

GQEACW TH4AN GREATER~ T04AN GREATER ?MAN GREATEN~ TI-Ah
l.SxlcExPo2 1.5x lOEXP-l 1. 5xlOEPO*O 1.5x1OEXý*i

JUL 1 15.63 65,211 25.29 63.69 14.91 62,14 14,44 60Q15

JLr.'" 2 1S.61 65,02 1S.27 63.61 14.91 62l11 14,4J 60,13

JUL 3 15,58 64.90 15,25 63.53 14.90 6WI0O 14,4! 6U.11
-J.U.------ 156 64,84 05.22 63,43 14.99 62,04 14.42 60.0Do

aUl S 15.51 64,85 5. 19 63.30 14.88 61,98 14.41 60,05
U V- a iSe5 64,80 1s516 64,18 14.86 61,93 14.40 60,02 6

JUL 7 15,55 64,77 15,16 63,17 14,85 61t&6 14,69 S9,97

Ju.- - T- 15,53 64,73 15,16 63,1S 14,8 61,77 4. St 59,93
JUL 9 15,52 64,67 15.15 63.13 14.00 61,67 14,37 59,88 0
•--V i5,su 64 60 15,1 63,10 14.77 61,55 14.36 59,82

JUL 11 15,48 64,51 15,14 63,07 14,74 61,41 14,64 59.75

jv- 12 5.,46 64,41 I,13 63,03 14.71 6, ,29 14.32 sv,67

JUL 13 JS,44 64,32 15,11 62,98 14.70 61,27 14.30 S9,59

J•L 1' 15,42 64,26 1S,10 62,92 14,70 61,24 14 .e 59,46

Th~rty deg; Page 4



GCfE.?rW THAN. tQEATElR Tw&% I4PEATER THAN QC2EATCH To-&k

1.Sx i 'vP,6 1. S•x1'fwP.S 1. Sx lEX1.4 1.Sx InE YP*3

OF Tý-

YEAG 0.ot.&WS Tlm! n/a MP)gtQ5 T!mr oim .OrtaaS Ti',rO/ o, -ollwS Tim' rio

JUL 15 '7.64 73.g49 7.19 71.64 16.65 69,37 15.d6 66.09

JUL. 16 17.2? 7.85 7.6 it 7j.! 16.63 69,27 15.M3 65.98

JUL 17 '7.24 71.8
5  

i7.l 71.54 1A.61 69.21 1S.bl AS.86

JUl 18 17.;i 71.85 -7.1" 71150 16.5" 69.17 15.77 %S.71

Ju, 19 i7.2; 
7 1A4 '7.1" 71.!• 16.57 69.07 IS.73 65.5S

JUL 20 1 7 X 72.1
7  

4 7. Im .5 1 of 4. 5A 458.99 15. 73 65.53

JUL 21 4A n 74.9N 47.47 7j.3A 16.62 69.23 15. ) AS.S3

JUL 22 .j 64 77.76 1..24 76.01 16.64 69,34 15[.? 'S.40

JUL 23 19.21 A a- o3 a 6 7e. 61 1-,.61 73. 30 1 5. 7ý S.5

JUL 24 19 7 A2.22 9.43 a .9A I.3h 76,!9 IS.74 AS.59

JuL 25 0 4 R "3.73 .9.81 A2.57 q1. 79.3& 16..3 61.7 1

JUL 26 7 7 a6.31 ;p.44 A .C 19.75 8 2 2, 17.17 71.53

jUL 27 -1 .4 " 9.?9 :1.15 A8.11 ?e.4 "5.33 18.I32 76.33

JUL 28 12. 2 97.53 -1.93 01.34 21.30 80.76 19.48 A1.17

GWLATEN TKAN GOEATEN TmAM GREATtR THAN GI(EAEm To-A

1.5x 1 -:'%9P2 1.Sx 10EXPRI -'.Sx IExP*O 1.5x luEx)I'

JUL 15 15.41 64,19 0,09 62.86 14,6v 61,22 14.25 59,37

JUL 16 !5.SS 64,11 15.07 62,78 14.68 61,9 14.22 59,23

JUL 17 1 5,36 64,02 IS.05 62.69 14.60 61,15 14.1 59,19

JUL 18 j! .34 63,91 15.02 62.58 14.67 61,11 14.20 59,16

JU- 19 15.31 63,78 14,99 62.46 14.66 61,07 14.1V 99,12

JU. 20 5.27 63,62 14,95 62,31 4.64 61,01 14,18 59,96

JUL 21 S.24 63,49 14.91 62.I 14,63 60,95 14.17 39,03

JUL 22 15,23 63t47 14,66 61.94 14.•1 60,07 14.16 58,98

JUL 23 15, 2 63,42 14,84 61.82 14.59 6g,79 14.14 56t93

JUL 24 :1. 2 63,44 14,84 61.67 14.57 60,69 14,13 95687

JUL 25 1i.22 63,40 14,7o 61,49 14,54 60j58 14,11 58181

JUL 26 15.21 63,3/ 14,7* 61.43 14.5c 60,43 14,10 58173

JUL 27 15.20 63,33 14,74 61,41 14.46 60,26 14.06 98,6S

JUL 28 15.19 63,29 i4,73 61,39 14.42 60,Q6 14,0 5 S8,56

Thirty deg: Page 5
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GOEATFR 704A'q GOOATER TNAN GREATER THAN GPEAIEk TP'AP

1. 5xlPEVP.6 1.5VIDEXPOS 1.5x 10CYPP4 1.5x1OEwP-3

DAY
0f TNE OS IfC/

VIEAD wolIRs TINE oio u0IjS TImr 0/n t4oufS TIME( Oole P0J~ !4

JUL t9 73.0* 96.0w 22.64 95.10k 27.21 92M5 20.60 66.16

UtT 74.0,1 100.00 13.82 992 23.22 96,74 21.9? 91.35

JUL 31 94.0o' 100.0c. 74.00 100.00 24.00 100,00 23.18 900.00

Uvv I. 24Afl A0.0 a ,4.00 1 p.0 -0C 24.00 100.00 .Ol 000

AUG 2 74 .0 100n.00 74. 00 1 POQ.01) 24.Ofl 100.00 23.7S 95.97

AUG 3 '>.0 lfl.00 74.00 into-On 74.00 100.00 227 94.96

AUG 110 00 ;)3. 9a 99.91 213',3 97,37 22.'11 91.71

A UG 5 3 98.74 1 34 2 07.6p. ;2 ,7a 94,93 ?1 .23 8,4

AUG 6 23.1' 96.56 ?2.90 @5.41 22.19 92.45 2o.41 85.03

AUG 7 72.64 94.31 92-3 Q 3. 1 21,.56 69,85 19.46 at.1:

AUG o 21.7% 90.61 71.49 09.51 2a.90 86,66 18.17 7S.5

A Us 9 71.10, 68.27 ')0.86 A 6. 93 -,q 91 83, 2- 16.30 67,9Q1

AUG 10 1) 14't 85.22 70.10 43. 76 18.99 79.14 15. 34 63.92

AUG- 11 19.67 a1. 74 19.18 79.91 17.66 71,60 is5. 2c 63.34

OWEATFR THIAN BREATE6 YpqAN GREATCR THAN GREATE'M TINO

1.5XIOEIR02 1.5x1OE)XFO1 IS1.l091iPt 1.5x1OExF'l

JUL 29 15,18 63,26 14,73 61.36 14,36 59162 14.03 56,46

-VL3 15.S16 63,16 14,7V 61.34 14.30 595se 14.0 4 C6,33

,JUL it 15.13 63.06 j4.7i 61.30 14.26 59 # 61 139 56,20

ruO*-T 15.11 62,96 14,70 61.26 14,2' S91#4 13193 96.04

AUG 2 15:;9 62:86 16.69 61.21 14.2' 591sa 11,09 57,86

-TUT-T 15.06 62 T 6 14,07 $1.1s 14,23 59,29 13.63 37,64

AUG 4 15,03 62,41 14,04 61.0? 14.22 59,36 13,78 57,42

1U T 4.97 62,39 16.63 $0,98 14,21 59913 13174 $7,27

AUG 6 14,90 62,Of 14,61 60.166 42 ' 1372 57,23
&VO 14,84 61,$4 1'.57 60,72 14.19 S9,j4 13,7 71

AUG 6 14,76 61,S9 14,53 60,56 14.18 S9109 13,71 57,13

*Fuir--- 14,74 61,43 144 60132 14,16 Sol0 of 1,70 57,06

AUG 10 14,74 61,60 16,41 60.05 14.15 58116 S3,6' 17,03

-xu~t j,,3 61,17 16,31 59,71 14.12 5S4 13.6? 69

Thirty deg; Poge 6
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GOFATrQ THAN GQEATFV THAN GQEATFR TAHN GOEATW TIA0&

1.SxCt 0EvP6 1.5x2,rYxP-S 1.5xlrEXP.4 1.Sxin£wP,3

DAY
Of thE

AlwYA o I W C TjmC nio woIJRs TIm[ ofln o...tQ~S TI!4F 0/0 I0W le

AUG 22 0 47. 66 i.08 75,32 i1.96 66,5 15.17 63.22

AUG 13 17.Sr 72.92 16.71 A9 .62 15.79 6S,74 I5.7S 63.11

AUG 14 16.25 67,73 16.20 A7.40 S,5.72 65.51 1S.12 62.99

inG-- 1!1 16.24 67.68 16.19 A7.45 2J5.70 65,4s IS.um A2, 4

AUrb 16 16.24 %7.68 16.19 07.44 15.68 65,35 IS.04 62.67
AU1 " - ? 17 1 .24 17 ,6 • Fl 16 . l L7 . 4 • A IS.6f, 5S ,26 14.99 A2.47

juG 1,8 16.24 47.68 16.lm 47,47 1S.64 6S.,7 14.93 62.22

JUG t9 16.4" 6.6s 16.19 A7.47 15.63 6S,14 14.87 61,9A

AUG 20 17.1! ?1.29 16.63 AV.?9 15.69 65,37 14.8s 61.87

AUG 21 1
7
.
7
p 73.75 17.32 72.IA IS.84 66.00 14.*8 41,.7

AUG 22 18.31 7A.2
9  

17.95 74.8n 16.83 70,.1 14.79 Aj.64

AUG 23 a8.9p 7Q.07 18.66 77.76 ¶7.67 73,64 14.1 A .77

AUG 24 18.7 62.20 9 ¶S.4 77,2S 15.:JS A2.72

"AUG 2S ;o.Ap IS,93 0.1 A4.61 j9,48 81,115 16.69 69.53

GREAT[R THAN SIEATCR TWAN GACATtR THAN GRCATE[ ThAh
1.j 5xiUEXPs2 1.SxlOEXP'l 1. 5x&EOXPOO 1. 5xIOCXO*l

AUG 12 j4,72 61,32 16,29 59,5s 14.09 58,72 13,66 .56 90

AUr - ,3 14,71 61,27 14,25 59.36 14.06 58,58 13,64 56 82

AUG 14 14.69 61,21 14,24 59,34 14,01 5869 23,602 56,74

AUG 15 14,67 61:,14 14,24 59.3, 13.96 7117? 13,59 56,64

AUG 16 14,65 61,g4 26,24 59.28 23069 57,19 2I3,s? 56 53

JUG 17 14,62 60,92 14,22 s9,o2 13,05 57,71 J3,53 56,39
AUG 16 14,59 60,77 14,21 39 ,:2 0 13.82 57,50 13, O tk 6,24

AUG 19 j4, S4 00,60 16.19 59,14 13,70 57,44 13,4S 56,05

AUG 20 24,49 60,38 14,16 S9,O7 O,3.74 57,26 13,40 55,62

AUG 21 24,42 60,10 46,242 5,s ? 13,73 57,20 23,36 59,69

AUG 22 14.39 59,97 2,142 s5l.s 23.72 57,16 13,34 55,59

AUG 13 14,37 S9,86 16,09 48.69 13.72 S7,11 1j3,3 55,48

&UG 24 14,34 59,76 j4,04 56,49 13,69 57,oS 13,2 55,35

AUG 2S 14,31 59,64 13,97 S8,22 13.67 S6,96 1,3Vo 55,21

Thirty deg: Page 7
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6SCATrR THANi SREjTC4 ?MAN GREATER THAN QICATEW TP'**

1. SXIft I 'ps6 1. S~d at Ipas :1.Sx JOCIP04 1.5x InflC J , 14

DAY

YEAR wNluNS T11E 0/0 NOtig TIME 0.40 HOURtS TIME 0/ 0 NUS7

AUG 26 '?1. 27 86.63 71.02 67.6i 2n, 4 3 85,11 18.27 76.14
AugU -27 22.81 93.02 72.08 92.01 21 .49 69.3 1 t 9.7* A2,48

AUG 28 ?3.42 97,59 25.1' 96.12 22.61 94.22 21.26 88.57
14-7 4.on' 100.00 V4 .00 100.00 2A.76 99,00 22.60 94,15

AUG 30 ?4.00 100.00 ?4 .00 1 fc.0Do 24.00 100. 00 24.00 T~00,00

iUC -3-1 240 100.00 214.00 100.00 24.00 100.00 24,00 100.00

SEP 1 74.00 100.00 914.00 100.-00 24.00 100. 00 23.35 97.21
-- r 74.00 100 2.0 10.0 23.04 99.54 22.69 94.56

SEP 5 23.98 99.82 p3. 7 0 90 .71 73.19 96,61 21.90 91.26

-IM-~- -w 73. 47 97.56 73.16 96.49 22.57 94#.03 2l~rs 07.69

SEP S 22.7s 94,78 22. 52 93,64 21 .66 91.18 20.03 03.47

TmEP-T 22.18 92.35 71a 91.08 21.1:. 67,96 3,6.80 78.32

SEP 7 2 .S39 69. 12 71.04 87,601 2n.18 84. 0? 17.0s 71.V

-Yv- t---ir 70.47 85.30 20.13 63.87 19.07 79.47 14.69 61.22

GREATER 764AN smGlCAo THAN GN(Aygm THAN 0UCATCj THA&

1 .5x 1tX P. 1.5x 1OCEXPe 1.5x 10110#0 1.5y I0LEPO1

AUG 26 14.28 59,49 13,94 f8,08 13."3 58.0# 13.21 $5,05

'TW 27-1 P'23 39.30 11991 16.02 13162 516,7 13,110 54,95

AUG 26 J4.22 59 24 i1.91 57,94 13,56 56,60 13,1? 94 67

fLJT-79- 14,20e 5 91.1 14,19 VT,16 13.35 t6fle %3,11 36, 78

AUG 30 14,1s 99,08 is';& $7075 13,47 $6112 13,12 54,66

-1UG -T- 16,90 l0,t7 13,08 $7.63 13.466 Si107 s.09 54

SEP 1 14.10 $8,76 13.90 57049 13,4% Silos 15,01 54,39

IM -2 14.05 55,55' j&.76 97.31 15.45 55196 13,01 34t20

SEP 3 14.0 $o5,52 13.70 $7.06 15.42 55 92 12.96 54,01

SEP f 13,96 26.25 13.61 56.70 13.38 55,75 12.94 53,90

-T~r - -6- i5,91 58,20 11,56 58.40 13.35 55,66 12,92 53,84

SEP 7 13.95 Sg,14 13,69 16,23 11.32 55,10 12.90 54177

-Itp WT 13.93 9Sg 88~ 0 189,621 13a .53 2 2,1 53,69

5-.
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GcFATrw Twa4  OCEAIA TWAN GEATF R TMA' GQL&T1
4 

TO-A

1.Sx 'FvP*6 1.5 AE XnP-5 1. Sdf'CIP.4 1.Sx InAVP-3

)AY

O( AD .0, PC TIMF M/O .OII• f. TIMF 11,f 
. ....T F / m lws 7 4f /

SEP 9 1
9 .4

7  q 1 , 1 3 19.0" 79.51 17.72 73.81 14.35 S9.79

SEP 10 1aAr 76 66 7?.91 74.61 14.01 56.71 14.26 99.41
SEP 11 47.71 71.72 16.59 09-17 34.97 6.•3.3 14.17 SY.0•

S1' 12 iAoQ A,.6, 15.44 A4.31 14.83 61,79 14.0e 58.6OA

SEP 123 •.•" A3.52 iS.19 AJ.3n 14.72 61.34 14. 0 58.46
SEP 14 13 .? 1?.6 ,4."' £2.33 14.63 60.94 14.00

SEP IS 5.1 .0' A2.37 14.6S 6o,60) 13.9" !0.24

5(P ~ 1 1, 42 2 4U 0 4 V j 4.9^6,6 
3.

*SE P 17 .% r 82 49 i4.
9 5 A2.3' 14. S5 6 0.61 is 97 d.2fl

SEP 18 S.A. 44,9
9  15.01 a2. 14 .54 60.6q 13.94 4 -

SEP 19 6.2' 4 . 74 4,a,1 AA .0 14.65 61,01 13.4.

SEP 20 17.m- 7,2 4.6.61 A9,4. 15.3c 63,76 13.93 !.4

* SEP 21 .'.A 74A5 .? 7."5 72.97 16,45 66,5 13.9d f1 .0 7

SEP 22 4A.7 70.1h 40). 4A 7 .9 A 17. 5 73,23 13. V7 610.19

GRETC"' TMAN a*EATCR TMAN GQACAZR TMAN GREATEN TMAK

1.SxiOEC'
2  1. Sx lOCIPul 1.SxIO(IP*O 1.SxIOExP*t

SEP 1 13.91 S7.97 13.40 56.19 13.23 St,2 12.06 S3,60

SEP - 3 #a 57,65 IS.40 56.16 13.16 54,14 12. 4 6344S

SEP 11 13 a t S7 ,7;e 11.47 Sb.I; 13-08 5*,40 12.01 53,37

SEP 12 13.01 57,54 i1.46 S6.06 13.01 54421 12./7 54,22

SEP 13 i3.76 57,34 ti.
4 4 S6.02 12.99 54ti4 12,73 53,Q4

SEP 1' 3A 78 i2" 54#11 12.65 52,82SEP 14 13,69 S7,06 13.43 S5.$4 12,9 -41 90•B S•

SL. ! 13.6Z S6,74 is.40 t.04 12.9b 54,08 12.01 52,55

SE' 16 .S* 56,64 1j,47 S5.70 12.97 54,g4 12. 5 S243

SEP 17 13,7 S6,54 j3. 2 5".51 12.90 !j,99 12.26 52,31

SEP 10 i3,5' 56,40 1S.47 5S.27 12.94 53,93 12.53 92,19
SEP 18 1S.54 56,24 13.19 54.95 12.92 5sls 12.4' 52,05
SEP 20 I3.7 .,o a•• .490 12"Y0 SS 74 12,45 51190

* E 1 13.46 58,o0' 13.16 54.84 12.6/ 54.81 12.44 51,83
SEP 22 45.41 54.76 12.82 54,63 12.42 51 74

Thirty deg: Page 9
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G'C'~rk ?"4AN *3E~lER TMAN GPCA7CIR THAN GREATER I)-A'

1. 5XI PCv 9 ' 1.5x lCEXPOS 1.Sx lfEIP.4 j.5~dn~vP&3

DAY

YEAR "O",RS TTmE At/C HiOURS Mirc oevt '4OIRS TIRE 0oe V,,oIIS llmU /o

SEP 23 497 62.40 19.47 61.14 16.73 76,oS 15.36 64 .01

'51 -2 2 7.19' 67.01 70.99 45.Co 19.6, 62.67 17.57 73.22

SEP 25 1 .9 91.47 71.68 90.31 21.05 $7,70 19.30 80.43

95,?0 6~ 727 94 .65 27.17 92,S7 Mao 8 .'1

SEP 27 ;13 .99 90,96 7.681 09-2A 23.23 96,8o 22-13 92.2

SEP 20 24 or ImO.0 0 7:4 .0n ltrio -a 24. c0 100.100 23.35 972

SEP 29 ;)& (11 1 0c o0 0 9.00 1 0 .O0 24 .0V 10 0.f00 24.O 1 , o-00.0

SEP- 30 24 .0!n flfo00 0 4.00 1 0.-0 A 2 &. 0(- 100.00 24.).) 100.-00

OCT 4 '.0 100. go00 1)4 .00 110 .0 24.00 100.00 2311 96.63

CCT- 2 14 .0M 100.00 ?d .00 1 mo0- 0o 23.60 98,33 22.39 93 .3 v

OCT 3 ')3.74 96.92 )3,48 47.8s ;) .a 95.35 21.43 89.3m

13Ct - A s. 95.05 727 94.85 22. 06 92.,01 20.31 e.6

OCT s ;2.22 02.60 P1.9? '1 .3' ?¶ .15 east? 18.97 7 .n5

-OCT- -; 7.? 2s 6AI2 po. 9 i 67. p 20. 07 83t62 17.2' 71.96

.IMEATC9O THIAN 04EATER THAN GRCATIR 7pqAN GOWiEN T.&~h

1.Sx IOECPO2 1.5XIOEXPOI 1.5x1OCxp*D 1. 5xIDE XP1

WC 23 13.43 S5,90 03,12 94t67 12,76 S3919 12.4D 51,65

3tPs'a S3' 50 10 4,96 .2,72 52,90 '12.37

Sf 5 338 5,?h 13.06 S4,43 12.71 52,94 12.S33 j

Sr#--72C j .35 55,62 03.03 54.27 12.70 S2190 1,2 5,2

SEP 27 13.3C 55,41 12.98 54.07 12.2.8 S2#64 12. 24 51,00

SEP 70 60,23 s5,14 12,'? 93s63 12.07 52?06 12. 21 50,89

SEP 29 08.26 76,06 13,08 53.05 12,65 5 2 171 12, iC0 ce

ISL ' TV 18.05 7s,20 12.03 53.46 12.63 52,02 12,19 50,77

OCT 1 J4.94 62,26 127 53.20 12.60 5200Q 12,)17 50,71

InTt 13.21 55,'s 12. ~ 53.10 12.:57 52,37 12.15 50,64

OCT 3 13:2 0 54,9 127 s3,gO 12.53 52t20 12,13 03

0c, --- 13 . Ie 54,90 Ia. 73 53.06 12.48 51.99 12.11 50,47

OCT 5 13.15 54,:79 12.73 53,03 12,41 S1.,71 12, 09 50,36

5T 13.11 54t64 12.72 53,00 12.33 51306 12.06 50,2'

Thirty deg: Page 10
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G0c&TrG TMAN GRAT7R THAN GPEATER THAN GREATEN Ti-aN
1.5xt'[vP-6 1.SxlnI tPuS 1.SxI"EXP.4 1. 5xI'ExP.3

*DAY
Of TNE

YEAR DO,.. TI4 M n/c el opeI, Tilr otn wOtNS 71Tm o0n HOmiJS TInF -/r

OCT 7 19.9' 83.26 19,67 j1,90 18.80 78#3S 15.ul 6W.53
OCT 8 18.97 78,83 la,5s 77.2p 17.4 72,84 13.47 56.12
OCT 9 17.74 73.93 07.3 72.4n Is.9s 66.45 .3,35 SS.63

nCT 10 '6.65 69,40 16.15 , 14.61 58,3' 13.26 `5.2S5
OCT i 1,49 A4.54 ja,79 AI.64 1,.86 57.75 13 2i Si.13
eCT 12 14.3! S9,63 14.21 • 11 1.,8r 57.5n 13.2 2 ,ov
oCT 13 1 49.35 14.20 19.17 ý.s.

7
8 57.42 1 .A: 55.0A

OCT 14 14.24 59.35 i4.Zn %9.IA 11.'e 57,35 13.20 54,98
OCT 1I 14.2d 59,35 t4.19 19.14 13,74 57.27 13.a. . 4,9j
OCT 16 14. 59.35 14.19 •g .• 1.172 57.j9 13.1j 54 .- 3
feT 17 i44 442 .4.20 r,9. JA ¶3.71 S7.jI& 13 .I 54. 73
OCT 16 I%'. 43,7S 4 1 7.40 :4.T $5 S 29 13.11 S4.6!

OCT 19 16. ? 67.61 j5.8O A5.99n 14.0A 58 . 13.il 51.57
oCT 20 77.21 71,80 16.88 7C.3A 1S.63 65,12 3.o11 f-f

(iEATEA THAN GREATER THAN GREATER THAN GUEAIE" TO-AN
1. 5x 1nl(EXP2 1.5x lnExPt 1.5xlJEIP*O 1.5xiOEx•-1

OCT 7 131.j7 4.45 12./1 52.9s 12.28 51,17 12.ui So,10
OCT 6 is .(/ 54.24 12,70 52.90 12.24 51,01 11. v 49,93

OCT 9 12.9s 53,97 12,68 52.8 12.24 !0,99 1119s 40,71

OCT 10 12.8e 54,67 12.06 52,73 12.2? 50t96 11,07 49,46

OCT 11 12.06 53,5/ ;,6. 52.61 12.22 509 2 11.84 49,34

eCT 12 ¶2,84 53,48 i2.59 5,.46 12.21 !0,I8 11.I2 49.23

oCT 13 12 5.,3 t 2. 54 S.27 12.20 50,d3 11.79 49011

CT 14 1i2.?7 53.22 12.49 2S.01 12.1 50,76 11.75 4v,97

OCT 15 1 2.S 5s.,06 12.43 51.81 12,17 So,69 11,12 48,82

OCT j6 12.71 54,01 12. 4i 5t,75 12-14 sc ,9 11.I/Iu 4e,74
oCT 17 121 52,96 12.40 51.68 12.11 5U,,47 11.6d 48.68
OCT 18 12.7r 52,91 12.JU 1.,6c 12.08 50,32 11,06 4b,60

acc 19 12.61 52,84 t2,3 51.50 12.03 00,1 11.64 40,52

OCT 20 12.6N 52,77 12,3 51.39 11.98 49,90 1•,,62 40,42

4
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aREAY•F TNAN @OEATER THAN GREATER THAN GREATER TOA.

1.Sx I[cKP-6 1.5x Incmpg5 1.sxlotvPv4 1.5x IOEKP93

DAY

YEAR wooDS TIME 0/0 mOURS TIME 0,0 MOURS TIME 010 '0US TIME io-

oCT 21 iS.30 76.26 j7.96 74.82 16.96 70*76 13.15 54.81

0 .9,42 e0,92 19.10 79.59 16.27 76.12 14,26 59,40

OCT 23 7Q047 65,80 20.1; 44.11 19.4 81oto 17.12 71,32

OCT7 23 704 9,5 " 1.2 48.11 .2o.63 a5,94 18.83 M4

OCT 2S 22.S• 3 ,73 22.31 92.96 21.70 90,41 20,27 84,46

-UrT-1- 73.53 08.04 3.35 '7,2 22.76 94,08 . 69,89
OCT 27 P4.00 100.00 74.00 100.00 23.97 99,49 22.76 94,85

-OCT--12- 74.00 100.00 24.00 100.00 24,00 100.00 24.00 100,oo

OCT 29 74.00 100,00 ?4,00 100.00 24.00 100.00 24.00 1000oo

-i*-7--o-- 74.07 100,00 24.00 lOO.0O 24,00 10000 23.73 96,86

OCT H1 74.00 100.00 24,00 100.00 24.00 100,00 22,76 94,83

v-"- 7S.96 99,2 23,68 96.65 23.07 96#%l 21.69 9O,39

OV 2 701 95.8s 22.7d 94.76 22.10 92,l0 20.48 85,24

-gOv--T- 22.01 91,71 21.72 90.30 21.03 67,64 19.06 79,40

G14AT[R THAN GREATER TANN GREATER THAN GQEATEI T•Ak

1.5XIOCxP-2 1.5X-OEXP0 P* 1.Sx1Ex -.I1"

OCT 21 121 52,6a 12la0 51.26 119 49# 11.00 46,31

¶12 12.62 5S299 12.27 51.11 11,94 49975 11.57 48,19

OCT 23 12,60 S2,so 12,22 So.92 J1.93 49,70 1i.54 48,04

Uý 7o 12,57 S:3.9 i,20 0,02 11,91 49.64 1 1 .49 A7 ,87,6

OCT 26 12.54 52,26 12,18 50.76 11.9U 49,$6 11.4b 47,70

CtI 12.51 52,11 124,6 50,66 11.8a 49143 11.44 4765,

OCT 27 12.46 5...93 1j,14 so,6 11.85 49,49 11,42 47,S9

-CI21 17,84 74.32 12.11 50,46 11.83 49,27 11,41 47,53

OCT pq 39.19 79,96 12,08 50,32 11.7V 49t4 11,J9 4746

ovi-r i~5 31 12,03 50.14 11.76 48,96 11.37 47,36,CT T 172,45 75109 &,99 49,95 11.71 46,60 11,5S 41,30

- 12,4 4 1*197 49,0? 11.67 40,62 11.33 47,20

NOV 2 12,42 51 9 098 1.9 4,0.6150 471
1V 2.39 511.4 i49'~ .96 11.63 485 1S .,9

-w•
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(iO(ArR THAN 4REAT(R THAN GREATER THAN GREATER TNA*'

1. S5XIfYP*6 1. SxlnWIPS9 1.5xIoCP-4 . SxlnlWPv3

DAY
cF tI-F

YEAO .4n1,S TImf nio HOURS TI"r Oin WOURS TIME 00 ,OU4S TIME c/O

NOv 4 ;O.97 47.38 70.67 P6.12 19.69 82,•7 07.51 72,96

•.OV 9 1 9.9Q 82.89 i9.S6 A1.48 18.67 77.61 15.59 64,96

NOV * 16.74 76.06 ¶6,43 76.7A 17.41 72,55 13.03 54,29

1OV 7 17.7t) 73,73 1?.33 72.21 16.05 66,06 12.608 5,682

Ov 8 101.63 69.31 t6.19 67.4S 14.42 60,10 12.57 52.38

kov 9 ts.s5 64,5e 14.94 A2.2A 13.30 55,43 12.54 52.26

1QV 40 j4,9 59.96 '3.70 q7.09 13.1v S4.94 12.51 52.14

1OV 11 13.74 57.26 13.68 5'.02 ¶3.¶5 54,7S ¶2.49 32.02

KOV 12 I3.S5 56,23 13.46 q6,07 13.08 S4,49 12.47 51.97

kOV 13 13.50 16.23 3. 46 56.06 13.07 34,44 12.47 5 ,94

ýOV 14 13.Sn 96.23 13.45 56.06 13.06 54,40 12.46 91

NOV 1.5 13.50 56,24 4 3.45 S6.06 13.05 S4,17 12.45 S1,87

NOV 16 14.60 60.84 ¶1.90 q7.91 13.08 54,46 ¶2.64 1.684

,OV 17 jS.71 65,42 1S.21 A3.36 U3.19 S4,98 12.4 51.680

uJEAtEm 1T9A GREAJE1 IWAN GREATER THAN GREATEh TOAK

1.5x ,',X'X• 1.Sx 1OEXP-1 1.Sx IOEXP*0 1. 5x 19Ex"'o1

NOV A 12. p 51,S0 11.9t 49.83 11.6u 4d,35 l1.d5 46,06

NOV 5 ji.32 S1,34 l1,•5 49.78 11.50 40,23 11.i1 46.71

NOV 6 12.2" 51,16 ,¶.Y4 49.73 11,54 40,l0 11.17 46,54

0OV 7 12,25 S0,96 11.92 4V.68 11.51 41,95 11..4 46,40

swOV 6 12.1^ 50 7'7 11.91 4V,61 11.4b 47,63 11.12 46.32

NOV 9 12.15 SO,64 11.89 49.53 11.47 4/,80 11.10 46,24

kOV 10 12.14 0o.Si 11,b7 49.44 11.46 41,77 11.0U 46,16

Nov 1 1 '2.12 S,51 11,04 4V.34 11.46 41,73 11,U. 46,06

NOV 12 12.10 50,44 11. 1 49.22 1. 45 47,69 11.uJ 45,95

Nov 13 12.09 50 38 4V,06 11.4k 47,60 10.UO 45,87

0,OV 14 2.01 So 26 •74 48.92 11.• 4760 10.98 45,73

kOV 15 i2.u4 5o '16 11.7U 48.74 11.41 47,54 10.0 45,64

NOV 16 12.0? 50 . $11.60 48,68 11,3y 41,48 10.V4 45,59

%OV 17 .2.U• 49,9V 11.68 48.65 11.3b 4).41 ¶O.v3 4!,54

Thirty deg: Page 13

77

. . . .. .7 aIt 1 .1 , LA -,



0.CATfR TAN &NEATER THAN OgCAYIR ?MAN GINEATER TWA-

1.5x 01vPw6 1.S IOCPmS 1. 0[ 4 1,54WS6t3o-

DAY07 twI

YKAi HOURS TzME 000 HIURS TI"M 000 HOURS TIMN 016 "OURS TI•E 0/0

NOv 16 16.61 70.04 16.42 468.40 14.96 62.34 12.42 11.77

-quT---M j7.9d 74,74 t7.59 73.50 16.92 68,60 12,.1 5212

NOv 20 16.96 79.06 16.68 77,85 17.83 74,50 13.49 96,21

•-21 vo.00 @lost 19.79 12,7 19,03 79,92 16.53 68;86

NOV 22 71.0• 7,65 20.00 06.69 f0.12 03,84 16.20 -7,04

NOV 2) 22.0'? 91.95 21.'4 91.0: 21.18 08,24 19.61 61.70

NOV 24 ?5.12 9&,33 22.8? 9 .9i 22.24 92,61 20.89 87.05

NOv- 21 24.00 100,00 23.93 99.69 23.31 97,13 22.11 92,11

NOV 26 94.00 100.00 24,00 100,0S 24.00 100.00 23.31 97,13

Kv-vV...27 ;4.00 100.00 76,00 100.00 24.00 100.00 24.00 100.00

Nov 20 74.0n 100,00 24.00 100.00 24,00 100.00 24.00 100.00

Ovv -29 74.00 100.00 c 4,00 100.00 24.00 100,00 23.13 96,37

NOV 30 p4,00 100,00 23.82 09.24 23.22 96,74 21.96 91,to

D 7-- - ? 2.99 95,79 .,,72 94.07 22.14 92,27 20.66 60,06 .I

GREATERN0 IA N GREATER TMAN GREATEN THAN GREATER THAg,

1.5x1'-ExP*2 1.Sx1OEXP1 1.5x 1OCXP0 1.5x10CXP#I

NOV 16 j1.9F 49,90 11,67 48.61 11.36 47,32 IO.V2 45,49

v1- ,9 11,96 49,8b 11.66 48.57 11.33 47.23 10.91 45,44

NOV 20 11,96 49,81 11,65 46,53 11.31 47,12 10.,9 45,36

k"Y'--*"t- 11.9s 49,78 11.64 48,48 1 1 .20 46.99 10.08 45,32

NOV 22 1,94 49,74 11,63 48.44 11,24 46,85 10.06 45,25

Ov7r 11,93 49,72 11,62 40.40 11.21 40,72 1,8i4 40,18

NOV 24 11,93 49,70 11.60 46.35 It.21 46,70 of)2 41,10

w-uvit-- 11.92 49,66 11,51 45.30 11.20 46,68 10,aC 45,01

NOV 26 16,77 69,66 11,56 48.25 11.20 46,66 10.78 44,9,

-vu"-72T 09.0• 79,38 11,57 4e,20 11*19 46,64 10.75 44,01
NOV 26 16.50 77.07 ii," 48,14 11,1• 46t62 10.73 44,69

1w 7V i 15.63 65,11 11,54 48,08 11.1b 46f%9 10,71 44,64

NOV 30 11.90 49,56 t1,53 48.03 14,11 4b6j7 10,71 44,62

T"c-- -T 11.67 49,47 11,51 47.97 11,17 46815 10,70 44,59

. , P

r

A..

S-,'
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GSfaArR THAN SNEATER THAN GREAITR THAN GRA&TER TlgAh
1.5 xVInV•-6 1. SxlOcXP.5 1. SxIOcP-4 1.5xlO~xP-s

"DAY
of THE

yhJiOlIAS TIME ljo woUAs TIME 0o0 HOURS TIME 016 HOUQS TIME elO

fie 2 P1.99 l i,46 21.66 90.26 21.01 87,54 19.26 60,39
DEC 3 20.8. 86.?9 po.ss RS.64 19.67 62.60 17.83 74,31
DEC 4 19.*7 82.21 t9.4S A1,04 18.71 77,96 16.15 67.30
DEC " 5 16.71 77.94 16.40 76.&A 17,94 71,08 13.8? 97;78
MCC 6 0..65 73,65 07.34 72.27 16.30 67,93 12.33 91.38
DEC 7 q8.63 69.28 16.22 67.6f% 14.82 61.75 12.21 90.09
DEC 8 15.s" 64,59 13.0'4 2..68 1.It 54.06 12.Wo 90.64DEC 9 14.41 40,03 13,64 q6.84 12.80 93.33 12.19 90,80
AEC 10 13.29 55.19 i3.2o S5.00 12.76 53,16 12.19 50.78
iCr 1 13.2' 5s.19 i3.20 q4.99 12.76 53.19 12.18 50.76
VEC 12 13.24 95.19 13.2n S4,99 12,76 53,1 12.18 90,73
DEC 13 13.24 ss.,i i3.2o 44.99 12.76 93,16 12.17 50.71
DEC 14 '3.24 S5. 1 9 1J.20 S4.99 12.76 53,16 12.1' 50.69
KCC 15 14.11 56,76 03.22 015.08 12-79 53,2y 12.16 50,66

IjGCA?Lw TP.AN QOGREIE4 T.,A, GRATER ?M9AN GREA!C'K TMAh
1. 5X1"txIP-2 1. 5xIOCX V*1 1. 5xl UE I P0 1. SXIOEXP* I

DCC 2 11,86 49,31 11,S0 47,91 11.17 46,13 10.70 44,57
orc 3 11.i7 49,10 11.44 47.84 21,16 46,>1 10.69 44,55
DEC 4 11.74 48,9. 11,47 47.77 11,16 46,48 10,6V 44,53
DEC 5 11,7' 48,9d 11,45 4 7 .?C 11.1 46,46 10.08 44,51
PEC & 11.74 48,91 11,41 47.62 11.14 46,43 10,68 44,49
DEC 7 11.74 48,90 11,41 47.4 11.1' 46,41 10.07 44,47
ACC 8 11,73 48,89 113,9 41.44 11.14 460,3 10,67 44,45
DEC 9 11.73 48,80 11,46 47,34 11.12 46944 10.06 44,43
DEC 10 11. 7 41,87 11.45 47.J1 11.11 46,11 10.06 44041
AEC It 11.73 48,86 11,36 41.J2 11.11 46t2? 10.65 44,39
DEC 12 11.72 48,b4 11.36 47.34 11.10 46,23 10.86 44,37 '
DC 3 11 ii.7? 48,03 1 .S7 47.37 11.ov 46?19 10.84 44, 39
DEC 14 11.72 46,62 11.37 47.39 11,06 46,1S 10.64 44,42ECC 15 11.71 48,8U 1136 47.41 11,06 46,09 .0.06 44,0

Thirty dog: Page 15 "'1
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8SCAY~ IAW BEATER THAN SRCAEAT THAN MRAYER ?O.AK

1.xICWU 5.x0X olpS 1 5) ofNP-4 1. SxiOEXP-3

DAY

YER Olitls TIMEg 100 g"OuRs TIME 0,j HOURS TIME 0/i~ OR IEC

~g 6 i.5 63,54 14.72 61.35 1 2 .89 53.71 12.16 S0,65

-,CT 6.43 60.45 16.21 66.71 14.41 60,06 1.5 506

oC S j7,4p 72,84 ¶7.16 71.50 16.03 66@41 12.24 91.00

-I ¶6,50 l?.08 98.11 75.00 17.33 72,2 2.5 527

DCC 20 19.56 $1,48 19.28 A0.3S 16.50 77 ,09 15,78 65,73

DEC t 70.6 65,05 20,33 A4.17 19.62 61.76 1'.7. 73,14

-D C 22 '1--r 7.6' 8~2 15 9.09 2n .70 06.21 is.97 79,05

g 21 ',1 94.63 2.,43 43.47 21,e1 g'$?I 20.30 04.58

UtCC 24 0 .371 90.94 p,3 *oS 22.91 95.49 21.60 90,01

T->4 4.0 0,0 .00 1fnfn.0 0 24.00 100. 00 22.es 95.22

DEC 26 P4.Ofl 100,00 '>4.00 l00.ofl 24.00 100.100 40 If.0

urE1' 2 24.0n 100.00 :04.00 1~0.0 a 24. 00 100. 00 24.00 t0o. 00

DEC 26 74.0n 100.00 P6.00 I A 0.00 24.00 100.00 23.73 96.09

PLC'2 14.00 100.00 24.00 1 n o.0 F 23.61 90,36 22.35 93.13

GGCATCw TMAN GREA7CH THAN GPEATER TMAh GREATw T1 ?~A k

DCC 16 ¶1,71 48,79 113 47.44 11.0b 46 s U4 10.63 44,28

U -T 170 46 77 isd9 47.47 11 .p !),9 10.62 44,26

DCC 1o 11.71 48,76 11.40 47,49 it. 02 45,93 10.62 44,24

ITTY 11,78 40,00 11440 *?.$1 11.01 4 0,4 10.01 44,22

DEC ac j¶,76 46,99 ii4 '7 .5 10 .9v 4!P 1 #1 1 0: 44,19

-t'--' 11.79 49,11 11.42 47,S6 10.9b 45,75 10,00 44t17

VCC 22Z 18 92 11,42 47.58 10.9b 4!) f74 10.60 44,16

-u'-~1 1163 49,29 11.42 47.60 1o,'yb 45.75 10.59 44,14

15C~ 24 11,084 49,34 11.43 87,62 1.8 4,6 1,' 41

'Frc7-T 14,96 62,32 It4 47.64 10 .i8 4S,76 I o- !9 44,113

DEC 26 16.26 IL.4 0.65 20.9v 4ý, 77 10.,00,2

DL62/ 19 IS 79,01 114 47.66 3 ~ 7 00 44,23

DC 0 s,0 72.10 it4 47.67 10.0 45,76 10.03 442

-wlE-7 26 37 0 49.42 44, 47.69 ID9 45,78 10.84 44,32 (
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sCrLirM TwN r.QE&TFR Tw&?4 GREATER THAN ý-QEATER To-&N

1.Sx 1'Ewv'*6 1. Sxl nMfP-5 1. Sx±OEXP-4 1. Sxi •E -'
1 3

DAY
CF YOIF

YEA; .-3iW 4 tIME m'/ OiiRS Tier n.4f 'O,"RS 7I0 0i/0 MO,.45 TIME t/n

flEC 30 .3 IQ 97,47 23.12 06.35 22.47 93,603 21.09 A7.87

nEC 31 )2. 4 9p.67 72.00 01.6A 21.37 89,04 19.7M R2 ,43

JAN 1 )t.22. RR.42 2q.
9 4  

*7.2S 2n.2 84,50 18.41 76.73

JAN 2 '0,2n A4.19 19.9p *2.99 39.j" 79,96 16.93 70.53

JAN 3 1 9.t1 79.9s 5 6.69 
7
6.7n 1,07 75.28 14,9n 62.09

JAN 4 t41$7.;V 4 ,7 .14 74.20 16 .M% 70 .2c 12 .4n !1P
JAN s 7 i. 71i.21 6.71 A4.61 15.44 64,33 12. St- 1,.27

JAN 8 5.9 AASS'5 i5.5% A4.79 13.60 56. 6M 12.? 2 5!) .QA

JAN 7 4.'' l '.76 -4.1 A S,0a 1p.97 54.06 12.23 5.98

JAN 8 43.' 1668 i3"44 •.9 q,91 53.7p .2.2S S o.9

jAN 9 5 .4Q S.2 4 S.43 s5.97 1,.9r 53.76 12,24 St.0o

JAN 10 j . 4 ,A22 3.344 CV.97 12.9i 53 .7A6 Y. 2 5 1.0

JAN it .544 54.22 3.341 C5b. 9a 1.91 53.80 i2 .21ý 5 i. 1 r

JAN 12 3J.4Q SS.p2 2 3.
4 4  p.go 12.92 53.67 2t .2

7  St

UPEATLW T4AN !QEAIEW TWAN GWEATLW THAN GQLATEN T 4,N

l.SxljEXP-2 1.SxlOEXW-t 1. 5xluLxP*o 1.. Sxlf'xP*

r'C 30 11.8t 49t43 11.45 47.70 0o. 4,>.79 10,65 44, 37

JN 31 11 ,1 49,45 1.45 41,7u 110.u 4:,05 tu.0 44,41
JAN 1 11,.8h 49,42 11.45 47,71 ll.0U 4:),Us 10.07 44645•

JAr. 2" 110,A 49, 40 ii, 41,72 11.03 4•,'7 1Q0, 44,49

JA
t
. 3 11.85 49,3V 11,4! 4/.73 11.06 46,07 10.09 44,S4

V, 4 %11.a 49,30 ,4 47,73 41,u 46o16 u. ?u 44,5S

J A. 5 t1.85 49,30 11.46 4U.74 1. 1u 46,45 10.71 44,62

jAN. 6 jj.8b 49,39 11.46 47.74 24. 1 46,3 1U .72 44,67

JAN 7 .8 49,41 11.4b 47.76 11.s 46, 39 . /3 44,71
IjAN8 Sj,5A 49,4S j1, 4

6 &7.77 1i.15 46,4S 1. 74 447 76

JAN 9 j.e7 49,46 11.47 47,7A 11.10 46,bj 10 75 44,81

"JAN• 10 1.
8
1' 4 4 0 41 .jbu 47.91 1,11 46,55 to 77 44,85

JAN 11 1 .8M 49,51 11.53 48.05 :1,1b 46.60 10. l 44,91

JN- 12 is,~4,5 817 1.1 46,64 10. 19 44,96

Thirty deg: Page 17
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G@EA7TR THAN OREAT7R THAN GQEATER TMAN UPEATEW TNA'-

1.SxIOEVP"6 1.5xloExPwS 1.SXIG[XPt4 1.5xlfinEP*3

DAY
OF THE

YEAR mO,,oS TIM E/0 VC OURS T!Mr 0/n HOURS TIME 0,0 MOttRS TIME C/o

JAN 13 1 37,91 03.45 16.07 129.4 53.93 12.29 51.19

JAM Ir i S.1¶ 62.97 14.48 40.3? 13.03 54.3' 12.30 51.25

JAN iS 16.21 67.54 19,77 65.7p 13.83 57.6, 12.31 S1.3

jAM Is 17.24 71.83 16.91 10.44 15.61 65,4 12.36 51-51

JAN 17 i A . 76.26 17.96 74.85 16.98 70,75 12.58 !2.43

JA 16It 1 .937 A rl7 2 j9,06 79. 4 m 16.19 75.78 1,S.04 62.67

JAN 19 )0 .4 85.16 Po.1' A3.9rl 19.36 80,66 17.01 70.06

jArv 20 ;)1.0 19.52 ;j1.20 a8.33 2o.51 85,45 18.54 77.26

JAN 21 P,;.6 94.29 22.34 03.014 21.65 90,20 19.98 83.24
"W- •22 73.7• ' .79 73.42 . 2 .76 94,93 21.34 88,93

JAN 23 P4.or 10O.00 74.00 1noo. 24.0r 100.00 22.68 94.18

jAv 24 74.r 100,00 4A.O0 1,00.0 24.00 100.00 23.96 99,85

JAN 25 74.0 f 00.00 P4.00 Im.c0f. 24.ýn 100.00 24.00 100.00

J"'--26 74.0c 100.00 P4,00 100.00 24.00 100.00 24a.0 200.00

GREATER THAN GREATER THAN GREATER THAN GREA
1lE TA&k

1.5x×IEXPs2 1.5xlOiXpol 2 .SlOExP.o 1.5xloLxP*. -

JAN 13 11,89 49,56 11.50 48,27 11.2u 46,67 10.00 4'0Q1

-al--w- 11,90 49,99 11.61 46.36 11.21 4,70 10.02 s

JAN 1s 11.,91 49,6W 116,3 48.45 11.22 46,73 10.8s 45,12

-rw--I1- 11,92 49,67 11,64 48,52 11.2? 46,74 20,84 45,2.

JAN 17 1'.97 49,85 11.66 46.58 11.2S 46,78 l0,65 45,22 r

Jim 16 12,02 SO,07 11,67 46.64 11.23 46660 10, 7 45,28

JAN 10 12,06 5o,25 11.69 48.69 11.25 46,8 10 .,9 4b,37

JA- 12,10 S0,40 11,70 48,73 11.27 46,98 10.9S 453,2

JAN 21 12,13 5ý,5• 11.71 48.77 11.30 47,T07 lV6 45,66

i"W7- -- 2 12,15 5 0 ,63 '1,71 48.60 11.32 41,15 1o,V9 4S,79

JAN 23 12,17 50,70 11,72 48.03 11,3' 47,24 21.02 45,90

TAl7 4 17,27 71,97 11,73 48,66 11.36 47t32 11.04 46,00

jAN 2§ 19.14 79.76 j1.73 48.88 11.41 47,53 11.06 46,10

jwx 18,43 76,81 11.73 40,89 11.45 47,72 11,0b 46,16 1 -8

4.

i'

e
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GcEA?rR ?"AU 110EATFR TwvN GREATtR THAN GREATER TOAK
1. S~nC[P-6 1.Sx tnEP-s 1.SxdrEXP-4 J.Sx nlnXPo3

DAY
CF T"Ef
YEAR "O'iS TIME n10 wootRs TIMF O/A M"Ij•S TXmr 0o P qol'Qs 1I"r F/.'

JAN 27 >4.ov 110.00 24.00 1nO.O0 24.00 100000 22.92 95,49

jAN 28 73 ,7 98.88 P3.46 97.7A 7.92 95.48 21.72 90,51
JAN 29 . 7.1 94,64 2. 44 93.-9 21.86 91,10 20.47 8S.30
jXN 30 i .?7 9n.42 43 R9.2pA 20.81 86,71 19.15 79,81
jAN 31 lmA69 $6.21 20.41 AS.04 19.72 82,19 17.67 73.6;
rta 1 9 .* 'S AI,g9 1 9 . i % ,.60 18.59 77.44 1 S. I A 5.4 0

yEU 3 47. 4 72.8? 17.14 71.47 15.98 66,58 12.71 !2.97

FEb 4 16.39 60.28 1 594 66.41 14.27 59.44 12.71 2.97
8r .2 3.47 1 4.70 Ai .2A j3.l37 $5,72 1?. 77 52.98

rca 6 14.17 59.02 ?S 71 47.14 11.3. SS,41 12.72 S3.03
VT" 7 4.7 57.27 13.7j 17.11 1,31 55,46 12.73 !S.04
OPE t a ~3. 7 57.27 '3,71 %7 .12 3 .33 55.56 12. 74 SS.C6
rCU 9 i3.7S 57.28 ¶3,7j T7.1. 13.36 S§,66 12.74 !3,08

GOWAEN THAN GREATEN THAN GREATER THAN GPLAt~.m TP.Ah
1.S5lnCXP*2 1.SxlUCWP-l 1.5xGEXP*O 1.Sx loLXPel

JAN 27 15,2" 63,3 1 i. 74 40.91 3 1 .4V 47,89 11. 10 46,j6

jP' 26 12.20 50 p 11, 7
4 44.93 l.bs 40), U4 11.12 46,34

JAN 29 12,21 SO,8 a 1 75, 48.94 11.5b 4 917 11.1' 46,40
jAN 30 12.21 SO,91 1% 77 4V.06 11. o 46 26 11.15 46,46
JAN 31 12.22 5O,94 11.61 49.20 11.61 48,38 11.17 460,2
rE8 1 12.23 50.95 11,t4 49.33 11.63 40 47 4.1 1 46,58

rEb 2 12.23 O, 9 1.90 4Y.59 I 48,•4 1 ,V 40163
Fcb 3 12,24 sO,9v 1 1 .96 49.81 11.67 A5,61 11 ,u 46,68

FEb 4 t2,2' 5 ,O0 12.00 SU.0 11 ,6b 40, 7 11 .1 44,72
rE8 5 12,24 Sl 02 12.04 S0.17 11.6y 40,72 111W2 46 77
rEb 6 12.26 51.09 12.08 s0.3? 1. 7• 40,76 11.23 46,81
rEB 7 12 . 3 SI 2t •2.11 50.44 11.71 4dbe 11.28 46,92
tE" a 12.34 51 40 13,1 S cC.55 11.72 40.,3 11,3u 47, 07
FEc 9 1 2.39 51,62 i4.15 50.63 11.73 4,0 6 11.33 47,21

IT
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aecatru THNA B6EATVQ ?waIN OPAC&7R THAN GOEATFk TWA

p .5xlntWPe6 1.5xlo0Cp5 1.SxIOCNP-4 1. 5x 1OE'Xe3

TEAM 6.ct'p TIMEJ 01 OURAS TIM 04(0j "OURS TIME oi;t h4oi;IS Timr n/i

1(8 12 1S.11. 62,98 14.34 59 .7i is 52 54.3' 12.83 S3,45

--yvru- I7 16 .71 47.52 14,70 So 13.6s 56,09 12.88 13.67

FES 14 17.25 7 1. A7 j 6.69 7 uj. 37  15.41 64.21 j2 99 5411

-TE9 T" 0.3 76 .99 18.01 73.' c I6.69 70,37 13.11 S4.64

FEB If j9.46 81.07 19.23 79.71 18.18 75,79 14,44 60.1is

FEB 17 705 05.60 7r, ?2 A4,23 19.42 00.95 16.68 69.52

FIN to 71.6Q 90.36 ' .3 9.0A. ?n.6 3  85,96 84 7.8

TF1- Tr 72.77 94.47 ;P.4 93.4% "1 .75 90-61 19,93 83. 03

?Eb ? 7~ ,3 * 96.76 75.42 97,S7 22.76 94.93 21 .;5 ea5

FEB- In 7 1 o0 .0 ý ~4. 00 11l0. on 2 3. 76 99,00 -22.44 9 3 Sn

rcEs 22 74 .or, I 10 .ý0O 24.00 1 to.0Do 24.0 CC IO 0,0 23. 44 97 .65

?43 0 74. 100,00 >4 .00 1 10.10 r 24.0 C0 100. 00 ?4 .0O o 1.0Do

CREA7C'W 1"AN4 QRSAI[ M .A0 ,,REATEW TMNA' Q&ACAIC tb'aP

PC. so 12.44 SI,64 12.17 so .71 117 $0.09 111 47,43

-r r 1%-12.49 $2,00 12.19 5j . 7 ii." 48.81 11 .43 47 ,02

OrCE 12 12 53 52,21 12. w 0 50.02 11.77 4y' 11.14* 47,80

Ttv --1 12.57 S23 12.21 it 50.07 ~11. e 4 w 23 ' L-1

PEb 24 '2. 521$0 12.22 50-90 11.851 4v 49 it 40,00

rpr -t 12.0 S2.62 ! . ' 50-93 118 a9.5 U' 7  401

PES If 12.66S0 5, 7 4 2d 5b,.64 3 V 49.7G tU.4"i

VTI -V 12.68 52,64 il.'a 90.68 -.1 ,9b 49.92 11,01 46,39

YTK TV- 12,71 52.90 12.JZ S4.bl 22-06 as.3 11.65 to ,S.

PEW 20 02.73 53.06 12.66 51 .50 4 2. - ~ i 24j 1,67 46,41

FEB 'if I 1.73 Sl.c
6  12.69 51 .64 1? . I 04 9 11.08 46 '67

PEd 22 1 $,23 63,46 12.42 51 .75 12.1' tiot v 11 . 7 L a,

OF~ i23 1 0.s? 7'.19 12."4 51 .3 12.10 5014S it.7 dcl 17

(let, P llp S.



(r,ýFTrk TWA'. t*OA
T
f
0 

TMAPJ ONEA~rIU THAN G~k&TEW Tl,.Al

CF ?mF Vk ol~jTIO
YEC .0-ia' !IM~F M/0 mepiR T!1'r 0/n ~ lU T14F 01/n7 Ml.' r' i

P(S 24 "0 10.00 40 0 1 n.0 74. ou 1004 00 24 100 .00

23 "25 1010.00 ;4.00 Ino.or, 24.n0 100.00 23.S3 911.03

FEB 26 i'.l "f.00 ,1..9A 09.81 2S.'.ý 97.5A 22.14 9S.09

rEB 27 73* P 's.65 29 95.9A 7 2'.31 9.215 21 .11 A7 .9sk

rEb 20 12 -1 . ). 4 2 ; 9 41 .31 ;,1. 31 $8.60 19.77 82. 37

"PAW 1 016 *1'* .87OA CA.94 t.2 - 84.4A 16.21 75.4m

"'A-. 2 )%rAo .97 422 19C 79.3;) 16.3' A7.93

P.AR 3 '.' 9.02 1J8.6A 777 17.79~ 74.13 13.6,4 !6b

VA i 4 1 7 9 7 57 i7.57 73 .: 7 1. 68.5Si 13.47 56 .12

Wkwj 5 7Ai 4f. 
4 6.4, A b 47 IqA 62.6A 34 60

P, A, 0 6 % Ab. .
7  . 5.39 A 4. 1 4 4.1 59 . L,1. 1 3 .4 7 68

10A 4 7 A4 117. ;, 4 % . 47 A'I,. 3 ft4. 08 S8, 5 1 3 .4 M i .i

-A- a 4 t I l¶4 0 1 4.4A ft .24 1 4. G 7 st ,1 13 .4"1 16. 1P

io.A P 9 *4 S I A. 40 1 4 .4h '9.2' 1 4. 1C Sa.7& I3.49 ! h. 21

Fi-.LATE- fm',h GQ A IE14 I -AP4 GREATEN TkA.. GOEAI104 11-APk

lip. 24 5x~ 1 cE xA 51.1'x -LI0 1.' 5x,7 I " .' P

PE 2 .w 12b .41 0 9 50.72 11 .7t 4Y,37

rE6~ 26 16.91 70.96 12-49 S24712.2' 50,/7 11 .a2 49,23

L4 28 t 2.V 9 S 3,9 1 d.' 5v 2.47 12.2' 51 .2 1 i. v AV SO

"PAW 1 2 9 54.0' ¶.0 1 i 5d . 9 1?. "A 5'1 .4 11 . v5 49,66

~ 2. 9 7 'i 64 52.66 12.4k 51,764 4V 74
4An 2 S49 . 0 12.7 .6 12'

A'Ah 3 9S.O 54,2a/ 12,d . I i, 12.415 %1,67 11.950 4V,60

10A V 7 '3 .o , S4 53.5% 12.47 t 0 12 .u So.22

pA. 9 1S.1/ %',U a2. 1..? 2.48 
5 ''J1 11'.15 So6

T, r,



GQEATrQ THANd IIOATfR ImbN fjPEocQE TMAN GREATEN ?N~
1. 5XIfE wpe6 1.x0X. .;IEP41.5x10EXF'w3

DAY
OF THE
YEAQ .wol'ws TIME 010. HOURS TIME o..r .4OURS TIME 0.4 M.oiWS TIME C/rn

who to 1 4 5 r 80.40 14.46 60.2f 14.13 5b,6' 13.5p 56.23
FAR117 14 Sr 60.40 14,47 60.27 14.18 50.91 13.51 56 .21/-
tMAW 12 j4.99 62.47 14,.92 62.1A 14.30 59.59 13.59 56.62
-par~ I -- 3 s 63.70 14.93 62.27 14.35 59,78 J3.66 56.91
m AW R 4 16.45 68.56 19 , 6 66.06 14.46 60.26 13. 75 57.19
WrA# 15 175 73.29 1 T. 12 71 .3c 15.25 63.56 13*8ro S7.49
mAW 16 18.71 77.98 S8.33 76.,10 16.98 70 , 'p 13 .dt 5 7.0e5
MAR 17 19.60, 82.77 19,47 A1.12 le.'3 761.9f 14.13 56.85
MAW o 16 7o9 87.29 206, 05.9n 19,471 82,13 16.45 66.47
uIMR 19- 21.91 91,51 71J.65 9 0,-2: 2C.ag 86.99 16.42 76.74
OMAW 20 22.6p 95.*33 22.5A 94 . 0 0A 24.9n 91.24 19.91 82.95

" AR" 21. 73.67 98.63 ',3.39 97,47 22.78 94tvi 21.15 68.1?
,iAR 22 7)4.0: 100.00 74.00 jrno ..3,S6 90,15 22.1' 92.4A

ul-73 74 . 0f 100.0 Do 4.0C' 1 ft 0 - n 24.00 100.00 23.o6 96,17

GREATEW T MAN (jIE A I THAN~ ORLAVCRIm 1AN GiREATEN 704AN
1.Sx1CjxF.2 I.5x1 OE X9'x 1.5x 10C'P-0 1.5x10ExP*1 7-! *

PIAR 10 13,?2 55,10 12.94 53.20 1 2 ,4V 5i2,04 12,11 S0107
-n-w -11 13.28 55,32 12,95 53.97 12,50 52ý06 12 ,2 ;es0 silo
PAW 12 03.32 55,51. 12.96 5'.01 12j,83 52.20 12.29 51,21
-wTW- 13 13.36 55,66 11 .1p 34.05 22.61 52.58 12.32 51,3'
PAW 14 O.P3 55,78 12. VV 54.08 12,6e 52,14 12,45 51,45
-V1W I1V 13.41 55,8! S29 5'4.1 12.74 53,07 12.37 S115S
PAR 16 13.46 55,96 129 94.13 12.76 S.3,j7 12,39 51,63

T*7 13,45 56.04 13.0' 5 4 .j4 12.82 53943 12,41
PAW 20 13,46 56,OV 13.10 54,57 12.8$ 53,55 12,43 51,77

13.i; iS47 56 ,15 13, 114 54.75 12,06 53o65 12.44 51,83
uiAW 20 13,4P 56. ii147 54.68 12.90 540,4 12.45 10,8
MAN 21 13S.3 56,3' 131 54,1# 12.91 54,61. 12,50 52,10
soA W 22 13 .5 4 56,61 13.22 S;OS. 5@0 12.94 $,8 1.5 32,3c

0.1T 1363 $6, TV 13,27 55.27 12,94 53,93 12.59 52,46

d~g: Pjp'92
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GOEATrQ T'At' OSEATER TWAN GRWEW THAN GREATERH YWA

i.5x$'EVP-6 1.SxdnExP.5 1.5x IOLXP-4 1.5x InExPo3

DAY
F Twe

YEAR mORs TIME nsO motiQ TIME 0tr MOlIAS TImr 0/i MOiws TT4r r/o

PAR 24 24.on 100.00 24.00 1nO.On 24.00 100.00 24.00 100,00P'R" 25 p4.0 100.00 74.00 100o.0M 24.00 100.00 24.00 10O0.0

MAQ 26 74.0 100.00 24.00 lflO.0on 24.00 100,00 24.00 100.00
MENl 27 *4.nn 1I0.00 V4.00 In0.0on 24.00 100.00 22.91 95.45
PAN 28 73.66 9g.S7 23.41 97.SO 22.67 95.27 21.66 90-2
PAw 2q '32.57 94.06 '12. 3S as. 21 .75 90.61) 2O.V A.
6-A. 30 21.49 A9,52 '.2? A8.4. 2n.63 85,95 18.69 77.8,
PAR 31 '0 .4 85.19 ?0.15 A3.97 i9.46 81.09 16.81 7o.O5
AP I 1 9 4 Sn.62 19.07 79.4A i8.2h 76,19 14.51 60.47
APR 2 1 8.4 7A.6 9  

a. 0A 75.2S 17 .15 714 14 .34 97
A01 3 7

.4- 72,81 17.14 71.4> 1s.03 66,7Q 14.29 99.53
APR 4 -S 9• 70.S9 16.53 A8,AA 15.27 63,61 14.29 S9.53
Ai'm 5 is 2" 67.54 ,5.72 A5.5 i S.Iw 62,99 14.35 S9.77
£PW 6 iS 7A 65,60 15.6m 05.31 15.1: 62,9S 14.41 60.05

GOEATEw TMAN GREATER THAN GREATER THAN GOLAfEM VldAK
]..Sxl"EXP-2 1.Sx1oEXPu1 1.Sx IOEXP*O 1.SxlOExP*I

MAR 24 17. 23 71,77 15.40 S5.43 12.97 S4,u2 12.62 52,59
'"Ag 25 19,02 79,24 13.6 SS.55 13.03 54,40 12.6S 52,69
WA'4 26 17.81 74.1/ 13.6 155,65 13.0V 54 t3 1.o7 Sk 79
mAN 27 13,76 S7,20 13.30 55.74 13.12 54,68 12.69 52,86
MAN 20 1j3,. 57,23 13,40 S5.83 13,1i 54.0 12. IQ 52,93
wAR 29 13,7- S7,2 Ij,46 36.09 13.18 54,90 12.72 32,99
PAA 30 J3.74 57.2/ 1 . 5 56.37 13.1v 64,17 12,73 S4,04
IAid 31 13.77 57,3 i A.56 56.5 13.21 $5.03 12.76 53,16
Apm 1 1 ,1.8, 57,51 13.62 !o 7S 13.2 6, u? 12,79 5SA30
APW 2 13.8L 57,84 14,65 56.88 13.23 55,11 12.0b 53.53
APft 13.95 58,13 13.,7 56.97 13.2,1 5 14 12.1 S4,80
&pW 4 14.01 56,37 13.09 57.05 13.24 5o,17 12.V6 5400
APM 9 14,0 S8,56 13, 1 S7.11 13.25 55 ,a 1s.01 54,19
APi 6 14,0; 58,73 ij,12 37.IS 13.31 S ,45 13,.,4 S4,34

Thirty dog Poge 23
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Q[EAYTR THAN g*EATER THAN GREATER THAN GREATER TkAk

1. $)do VP-6 1. S)4OEIpeg 1.SXP.4 1.54d0CYP',

DAY
OF ?WE

YEAR mOutRS TIME 0/0 mOURS TIMF 000 MOUAS TIME 000 HOURS It"- AI/ zt,

APR 7 I5.74 65.99 1S.68 65.3P 15.13 63.09 14.47 60.29

nP• iS.74 6S,60 15,66 45.34 15,16 63.1S :4.52 60.50

APR 15S.74 6S.60 15.66 S.3$ 1s.16 63,24 14.56 60.66

w,-D 15d 6-,,60 t 5.
6 9  A53.6 A S.2c 63.31 14.60 60;82

APR 11 jS,74 65,60 15.69 65.26 1S.2S 63,39 14.63 60.9s

-AP T 6.?3 69.71 19.91 66.31 15.25 63,3S 14,65 61.06

APR 13 17.94 74,76 17.39 72.46 15.46 64.41 14.68 61.17

A rPoI- u 9.11 ?9.62 16.67 77.76 17.1' 71,42 14.71 61.3a

APR 16 70.19 64.11 19.81 62.53 16.67 77.79 14.77 61.53

AP Is P1.41 89.20 81-' U7.6# 19.96 63.26 15.99 66.46

APR 17 ?2.2? 92S 73.91 *1.29 21.04 87.47 18.16 7S,68

-Vrl---S 72.96 '5,67 22,67 94.44 21.92 91.33 19,14 62,S

APR 19 73.56 96.26 73.33 07,20 22.6s 94,3 20.90o C7.08

-##--0 74.0P 100.00 ?3,92 99.66 23.30 97.09 21.84 91.00

GREATER THAN GREATER THAN GREATER THAh GREATEP( ThA".

1.5xlO[XPa2 1.5xIOExPa1 1..5xIuExP 0 1.5x1OExP - -

APR 7 14.13 so ,86 ~33,3 57,19 13.3b 55@74 13,u7 S4,47

-pt-1----" i4:15 5s,)7 13,71 57.22 13 56503 13.10 S4tS6

APR 9 14.17 59.06 1J,74 57.24 13.50 56,2S 13.12 54.67

--11 -TV- 14,19 st,1i 13.76 07,33 13.5 56t44 13.14 54,76

APR 1 14.20 59,16 tjJ.2 S7.59 13.Sb 56,!9 13.16 54,83

IV*T2 14.21 59,2S 13.,7  57.7? 13.61 6?.71 13.16 54390

APR 13 14.2' 5?.27 a.,vo 57.93 13,64 S6,8e 13,iP 54,96

iPW-T-- 14.2 S9,3V 13.93 98.Q4 13.66 56,90 13.20 SS,02

APR 15 14,31 59,61 13.V6 58,16 13,67 56,97 13,2•. 5,19

Iwp IV 14,35 59,60 14,02 50.40 13,6v 57,g3 13.29 55,38

APH 17 14.39 59.95 14,06 56,$6 13,70 57008 1333 5b,53,

p--V - 14,42 60,01 14,10 95,73 13 7: $7,13 13.36 55,66

APR 19 14.47 60,30 14o12 S.S 13.77 57,46 13o39 55,77

-l--14T,5• 60,62 14,15 56,95 13,62 57,07 13.41 Sb,86

Thirty deg: Page 24
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GC tri4 TwAp CoEATFR TWAN tPEATEw THAN awLATEW to-Ak
1. Sx 'fvi-6 1.5x I rf'xP-S 1. Sx I ( -P- 1.35xlEwI-3

CF TwE
YEfA wo' s TIMr Pin .O"vRS Tior o0n HflhIN TIAE O/n OIWS T7"vr rin

APe 21 1-4.0' 110.00 . 9400 l00. n A 74.ou 100.00 22.67 94.45

APh 22 14.0" 100.00 )4.0n lrIomec 24.00 100.00 23.41 97.53

APM 23 >4 n0 Ig00.00 74.00 lng.O0 24.00 100.00 24.uo 100.00

APN 24 74.OP 100.00 '4.0P Irfn. on 24.00 100.00 24.0Q0 100 .00

APi 2S >4 0r 1no.00 ;4.00 1om.On ?4.00 too0,00 23.53 98.02

APW 26 74 1 f I'll .00 '>4. 00 1 ft J1O0 21 .42 97.58 22. It 92.33
APW 27 n P 96.73 -;.94 25.57 2.32 92.99 )0. 77 86. 54

APW 20 >2.1 ; .37 71.8 M .IA 2 1 .1b 88,27 19.28 eO.33

Apw 29 >I.1 I S.I5 208 46.80 201. 83.85 17.69 73,72

APM 30 ;0.7* *4.22 ,9.91 02.99 19.1I 79,74 16.03 66.8n

HAY 4 
9 .41 "0.0 .9.09 79..5 18.22 7S,91 1S.4:j A4.16

HA 2 ',1.4* 77.5 18.3s 7A.44 '7.36 72,33 :5. 4 83.90
wAY 3 q7.90 74.97 17.67 73.64 16.49 68.71 15.3! 63.95

w&Y 4 17.44 7p.67 -7.04 71.02 16.10 67,09 1S.36 83.99

G.REATLw THAN GWEATE'4 T..AN GPECATL THAN GREA T~" TI.AK

1.Sx loEXP2 1.5x ICExPP 1.Sx IOE X*O 1.5x 2OE£x*1

APW 21 14.6S 60.83 14,17 S-'04 13.80 57.74 13,43 5!,'v4
iPP 22 14.63 60 ,9to 14.113 SY-10 13.8v s irC6 IS.44 56.01 -

APR 23 18.79 69,g! 14 .U 9.16 13.91 57,V6 13.47 56.12

APR 2' 18.06 75.23 14.d6 S9.41 13.93 58,04 13.51 56,28

APod 25 t4.62 60,93 14,31 S9.63 13.V9 5.11 13.b4 56,41

APR 26 J4.6% 6 .0
2  14.34 59.80 13.96 sof16 is.5 56,4

AP 27 14.71 61,2/ 14.30 S9.94 13 .97 !t a 13.1 56.65

*AP 29 14.75 61,48 14.41 6U.04 13.9b 56.24 13.6? 56,74

APM 29 14.79 61,64 14,44 60.12 14.02 5a,41 11.64 56,83

P 14,3 61.78 14.'4 60.19 14.06 58,57 13.69 57,02

mAY 1 14.85 61,90 14.46 6U.24 14.09 5,T1 13.13 57,o

MAY 2 14.81 82,00 j4,47 60.28 14.12 58,83 13,17 57.36

MAY 3 14.91 62.1v 14.40 60-32 14.14 b5.93 13.1U 5749

PAY 4 14.92 62,10 14.40 60,35 14 ,8 59,0g 13.82 57.60

Thirty d~q: Pogo 25

89

$IL k- ' I . I.,r f/J,,.f. -' f .'sr m ,pW p *p . . . .ON A -. 0 PO ',P -. *P.-70r - a



QGEAV' TMAN GREATRIrN1A*N GRCAYER THA4N GREATEhN TP.AI

1.5x10CTP06 1.sxIoEvpes 1.5XIOCERP.4 1.Sx IOCKP63

DAY

YEAR "A"S TIMEC 0/0 PO0URS TIME 0/0 "OURS TimE O~d mOiIRS I!Mt CIA

PA 1 16.64 70,J9 46.47 A8.61 16.01 66t77 15.38 64.08 -

Vz'- u< i6.5n 68,73 16.4S 68.54 16.02 66,74 1.5.40 64.16

SlAV 1 16.50 68,73 46.45 68.55 16.04 66.63 15.42 64.2-

yWrT---- 16.74 69.76 ¶6.60 49.92 16.11 67.12 2.5.44 64;32

PAY 9 16.74 69,77 16.69 A 9 .SA 18.15 67,2? 15.4s 64.36

pRT-1D~ 16.74 69.77 46.69 69.54 16.16 67.41 15.46 64.43

PA It 17.0' 1,.00 16.70 s9,s9 16.22 67,58 15.47 f 4.4 7

017- 12 4 8.44 77.03 07.61 74.21 16.37 66,22 15.50 014.60

PA 13 1 9.5 6j,8158 19,0
7  79. 41 17.00 70,84 15.57 64.69

6, KIf -11. 7ý 4$k A35 7)0.10 01.7 15.63 77.&2 15.66 AS.?4

bAY 15 ;11. 2h P06 209 A72 19.83 62.82 1 S. d) O 5.

M.AY 1, 72. S5 93.96 2 2. 2 0 92.84 21.51 89,63 1
9
.V4 79.32

FFIF I's P3. 13 96.37 72.86 95.2S 22.15 92,30 20.14 83.91

GAREAI'C T'MAN GREAIER ?M4AN~ GREATECR ?THAN GREATEM 7118% -

1.Sx1uExPe2 1.5xloEXP.1 1.5x 1oCRp*0 1.SxloEx0*I

MAY 5 J4,94 62.24 14.50 80.43 14.23 59,31 13,05 57,7o

VwE¶T 'W 14. 9 5 62,30 14.55 60.62 14.26 59,49 1,3,b7 57,79

oMAY 7 4.,96 62,35 14456 60.77 14.32 59185 13,09 57,67

-Wry- -- 149 62.39 14.61 60.90 14.34 S997? 13,"'o0 57,94

PAY 9 14,9(1 62,42 14,64 61.00 14.37 591P7 13.92 58,00

h xrVI1u- 15.00 82,50 14.67 61.12 14.39 S."96 ISV3 sa,05

MAY It15 . o 4 62.60 14.72 61.35 14.41 6 0,03 13.~ VS 8,al0

PT -17 15.06 62,64 14.77 61,13 14.42 6 0 10 13.96 sai1s

,'AY 13 15,11 62.97 1,4.00 61.69 14,44 60115 13.97 50,20

PAY IS 15.17 63,19 14,86 81,92 14.46 6o,23 14.Q4 50,4b

Thirty 3eqg: Page 26
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T -AQEOATFR T-ft-- AWAF f"N OF ATF mTo ?At,

1.SXI CVI~ 1. 5xinE yo-5 1.SX1"fyp.4 1. Sxi CEP- 3

DAY

VE Ar - N Q 71F I

00AY 2C ~4 0 2.fl0 n V.ý Q67 ;?.A 3 971 1 A 91 . at

1.$x 1- XP-2 I x 1 OFlp-1 1.5X I 6L XP 01 5 OL r

Th~irty dog: Page 27
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TABLE 3

Number of Hours in which Illumination

Exceeds a Given Level

Sixty-Degree Latitude
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GOEATrOO TP&A GPEATER TwiN GREATrR TIAN GREATER TIAKt

1..Sxl(EYP-6 1.SxlnlCP-5 1.5xiOEIP-4 1.5X1i)EP-s

'DAY•f OTM

YEAR wuOl's TImr nbo -O'jRS TImr non mf)LIRS TTmE C/o OURS TIME C/o

MAY 20 74.0r. 1.10.00 -4.00 !,'.0on 24.00 100.00 24.00 100.00

WAY 21 -4.n(I 1n0.00 '4,00 100Of0n 24.00 100,00 24.00 100.00

mAY 22 )4.n p 100.00 24.00 1mn.on 24.00 100.00 24.00 100.00

iAV 23 >4.0r 1e.00 74.00 1no.n0 m 24.00 100,00 24. n 0 Iln0ofo

MAY 24 14.0f 110.nO 4.0n Ion.On 24.00 100,00 24.00 100.00

oAY 29 -4.0- 110.00 >4.00 1A,0n 24.O lo00.00 24,0on 100.00

A Y 26 4.O• 1 10.00 74.00 1Il.0n 24.0U 100.00 24.a0 100.00

WAY 27 14.0- 10 0.00 14.uO i.1.On 24.00 100.00 24.00 100.00

PAY 28 6 4 O" 1 n.o0 >4.00 11 . G 24.0o 100.00 24.00 130.00

or -Y 29 14.0 1.0.00 74.00 1 9 .00 24.00 100.00 24.30 1m0.00

w AY 30 '4,l 1 1n , o 0 4. 0L 1. r A 24. ar. I 1 00r.0 4 .a0 too0.Oaf
MAY 41 1'.- 11 .. 0 74.00 1Pn.o0 24.0L' 100.00 24.00 10 . 00

JUN 4 n 4I tn1.00 '4.00 11n.oo 24.00 100. 00 24.00 100.00

ju6 2 o4. n 110.,00 4.0 1n,0 24.00 100,00 24.00 100.0A

GREATEN TMAN GREATER TMAN GREATER TMAN GREA TE TIAPK

l. Sx10ExP@2 1.5x1OEXP-t 1.5x IO•)LP0 1.5x toEive

MAY 20 22.16 92.33 2g,4& 65.55 19,30 80,66 18.4$ 70, "

AYy -21 22.41 93,30 20, 5 65.73 19,4 861,02 18,40 76,67

AY 22 22,72 94.6/ 2074. 86.29 19.55 81.47 18.40 77,02

WAY 23 23,10 96,24 20,#4 86,14 19.6' 81,64 16.67 77,36

MAY 24 23,92 99,67 20.97 87,6 19,71 82930 18,64 77,66

PAY 25 24.00 100.00 21.10 67.93 19,64 62,46 16.12 7d01.

tAY 26 24.00 100 00 21.24 60,48 19,94 63,05 16,60 7 33

PAY 27 24,00 100,00 21,37 89,03 20.04 83,49 1o.*7 75,61

0AY 28 2',00 100,00 21.52 49.66 20,12 us ,85 18.9s 76,94

MAY 29 24.00 100O00 21,69 90,22 20.20 84,1?7 19,02 79,26

WAY 30 24,00 100,00 D 279 90.80 20.29 4.15s 19,u
9  79,54

MAY 31 24.00 100 00 21,96 91,468 20,38 84,91 19,15 79,76

.Uj 1 24,00 100,00 22,11 92,11 20.48 85,34 19,20 79,99

JUN 2 24.00 too,00 22,24 92.67 2o.$
7  819,6 60,24

%.

".4.

-j-

Sixty dog: Poge 1
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GPEArR TN4N OGREAER TMAN GREATER THAN GREATEM Y0A1

1.x 5X1Evp6 1.5xlO(WPwS 1.5x1OC•P-4 1. SxdOEWPs3

DAY
of THE

EAR NOiRs TMNr n/0 WOURS TImr /6i 140t'RS Tier 0/O "OtokS 71mE alO

JUN 3 24.00 100.00 24.00 flP.ool 24.00 100.00 24.O0 100.00 -

-"uw 74.0n lnoO0 24.00 lnO.00 24.00 100,00 24.00 100.00

JUN ; 14.00 iflO.OO ;4*00 10n0o.0 24.00 100.00 24.00 100.00
"*jUW- V ". 00 100,00 94,00 1no.on 24.00 100.00 24.00 100,00

JUN 7 24.0n. 100.00 '4.00 Io0.00 24.00 100.00 24.00 100.00

jLJW 8 '4.00 O0.Oo 0 ?4.00 100.0n ?4.00 100.C0 24.00 1n0.00

JuN 9 '4.on 10.00 24.00 tio 10 24.00 100.00 24.00 100 .00

JUN" 10 t 4.00 100000 >4,00 1n0.00 24.00 100.00 24.00 100.03

JUN It 04. 0 100.00 24.00 1POe o 24.00 100.00 24.00 100.00

JUN "12 -3.n .t)Or 00..00 4.00 o Ino.0 24.00 100.00 24.00 100.00

JUN 13 94. 0 n r4.00 1nC..an ;4,00 100,00 ?4.uO U nO.00

JUN 14 '4.0 t00.00 24,00 1n0 2.00 4,on I,00C 24.00 100.00

JUN IS ".0 M 100,00 P4.00 Ion.0o 24.000 100,00 24.OC 100o.o

jvt 4 4.. ' 1so00 " .o MO. an0.m 24.oD 100 00 24.00 100.0 0

G I-TEA TtMAN GREAIEW TMAN GRLATLW T'AN GREATEN TIInA;,

1. x5XIL E X P- 1xoxP1E 1.5×lOCxP-O 1.5x1OCXPEP

JUN | 4.0," 100,00 22.42 93,42 20.64 36800 19.32 80,49

jcw -. 4 24.00 100.00 22,59 94.11 0. 7O 66.25 19,39 60,79

JUN 6 24.0. 100,00 22.73 94.73 20.76 86,50 19.45 81,06

-j" .... 9- 24. 0 100,00 22,96 95,66 2 0 .05 86,86 19.!1 81.30

JUN 7 24.OL 100,00 23.17 96.54 20,93 67.22 19,56 81,49

-JU*- "r pA.0, 100,00 23,47 97.81 21.CO 87, 1 19.60 81,66

JUN 9 2
4

.0L 100,00 24.00 10.,00 21. v6 87,77 19.63 81,•1

JLI' 10 -4. o 100.00 24.00 100o00 21.12 87,96 19,67 81,94

JUN 11 p4.0. 100,00 p4,00 100.00 21.16 85,16 19.69 82.06

jg-r - 7 24.0• l00,00 24,00 100.00 21,L0 86,32 19.72 A2,17

JUN 13 ?h.0- 100,00 24.00 10o.CO 21.24 88,49 19.75 82.31

jr1N -4- 24.0'; 100,00 24.00 200.00 21.2b 86,67 .9, I 82,43

JUN Is 2
4
.OL 100,00 24,00 100.00 21.32 88,81 19.01 82,53

IJf-- 7
4 .L 100,00 24.00 100.00 21,34 88,'$ 19.03 02,61

Sixty' dog: Poge 21



[ 0&ATe4 TH~AN qS(ATt1R TwA GEALQ ySHq~r GQLAtrm pt -

CF ?b.PmASTI /n "1PrTm /

JUN~ 27 4 11.~0.0 ';4.00 1.n'!.Om 2'. 00 1.004 00 24.00 1.00.00

JUh is ',4.0' 1 0 .0 0 ;4.00 1Ai -01 m 4. 00 1.0 0.f00 7.4.O 00 io0
juh 19 ". ýI I 1.n~ '.o7, 0 o toon 24.00 1.00. 00 24.0 1Oto00.0

.JUN 20 P '.n 1l0 .0 0 '4 .00 1ir(10 (- 24.00 v l00t00 24. U0 to.00.o

JUN 21. 24.0- 1.00.00 14 . 0 t I "On P4*Qtr to.0000 24.00 1.00.00

i um 223 40 0 0 -,). nu0 1 .OA ?4. Cn o1 n0.0 24 .0 lo.00.0

JUN' 23' ) P. ; I 1 i. 0 "14.cc 1 '0 n 2. f go 1000 24.efo 100. 00

JUN~ 24 .)4,0* 10.00 74 . 0fe lC0~ m 4. Ot 10 0.00 P 4 . -) 1.00.00o

.juh 26 3 r ir 0'.o ~~. 0 '4.0d . 3 IC n 24.0 lC 100. 00 24. 0f0 1 v00. 00

JUN 27 ',4.0- -1 p. n~ 0 ýý.30 1 .'j 1 c'. .3C to.0000 24. U 100.oo
jut, 26 -. 4. 110,.00 A 0 n 1 P. 0 24. 0.- 10 0 ' lou C, to. 00.0
.I Ul- 29 ,)4. 1'M'0 -0 0 .4 .00 1 .4 . 0 100. 00 24. -0 LOG. 00o

.JUN .30 4 1 i n.00 24 .00 1 l.n 2 4 . C 13 0,0D0 j4. -r 1.00a.00n

~ ifl~ -u rWEA]rP. T'.Ar4  GIWEA
T
L# TH4AN GREArEK I A

1.SX xe'-;e 1. Sx 1.0EXP'1. 1-5x 1.OEXP*g .S1E~

JUN ý '4 p. 0 ao1 o n 00.000 103.-00 23 t.iv - 019.t3 82.67

JUN 29 loo.(u 1U.O 4.J 1.00.00 21.3, t19.12 tI.50~ 82.76

.JUN 21 24 .0 too. oo0 24 .00 1.00.00g 21 .39 (39.1.1 1.9.06 82, 76 i

JUN 22 24 .') . 110 .00 ? 4. 00 1 m U.00 ; 4c 091 '. 9.o&.7

25 ') .C Ivo .00 ?4. U0 1.00.00 2i.3S.8, s 19',62 a ,59

JUN 6 ;4 0 00,Qý . 0ý 1) U.00 1. 6 ab. 1 19. b~ 82, 5

JU 7 ? ' 1o0-0 12 8.5 9/ 24

Si~ty deg. Poo
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G0CErA ?NAN sIc&YRR TWAN GREAER THAN GREATER !7AK
1.sxln[CP.6 1.5xl0CYPPS 1.SxinEICP.4 1.SXV[ýEP'3

DAY

VC14 .O,'S TIME n/0 -o0iRs TIME oil HOURS TIME o00 HO.RS 1I r/E Pic

JUL 1 74.00 100.00 7A.00 Io0.0o 24.00 100.00 24.00 100.00

.,w 4..0i 140.00 o4.00 1o0.0n 24.00 100.00 24.00 100.00

JUL 3 >4 on 110,00 '4.00 llO.on 24.00 100,00 24,00 100.00

39t- - 4 .001 100,00 '4.00 1n0.Om 24.00 100.00 24. 00 100.00

JUL 5 4 O.n 100,00 4.00 10o.o0 2d.0c 100.00 24.00 100.00

JUL a 4 0.r 100.o0 7 4.00 1rO.oD 24.0r 100.00 24,00 100.00
JUL 7 >4 100n.00 74.00 10.0oN 24.00 100.00 ?4.Ou Ino.0o

JUL S 74.Om 100.00 74.00 100.0-. 24.00 100.00 24.00 IOO0

JUL 9 )4.0 100.00 74.00 100.0Im 24.00 10,.00 24.C0 100.000

JUt 10 7.09 100. 00 94.0n 1 0 On 24.00 10o.00 24.00 100.00

JUL 11 4 . 0 n 100.00 D 4.0V 1 0.00 p4.00 100.00 24.00 100.00

JLUt 12 4.0P 100. 00 24.0C 1•00 24.00 100.00 24,0 100.00
JU,. 13 4 10.00 74.00 110.0A 24.0C 100.00 24.00 1nn. O0

JtV- 14- P4.00 10.00 74.00 lflO.0p 24.00 100.00 24.00 100.00

GRE4LN TOOA GREATER HINA GREATER THAN GREAIEK ThAk

.1. 5)d C. E-2 1.Sx 10EXPr1 I..Sx I0EXF*o 1. Sx iC.ExVI

jUL 1 ?4.or I0o.00 o3.99 99,96 21.02 U7,59 19,2 b1,76

J•"--''? 40.,O 100,00 23,42 97,)9 20.96 87,45 19.,? 1, 54
JUL 3 s4.. 100,00 23,19 9.46 1!0.92 bi.14 19,2 81,35

2---- 2
4

.0L 100,00 22,92 95?52 20.,6 86,90 19,47 s1,15
JUL 5 2A I-, 0 C,00 227 94.76 20.79 e6,61 19,43 80,9s

JUL;---A 24.0j 100,00 22.55 93.96 20.71 86,27 19.38 80,76
jUL 7 24,0 100,0D 22,39 93.28 20.61 65,69 19.43 60,'5
JU,---F- 24.0C 100,00 22.23 92.63 2o.$4 85.59 19.27 80,30
JUL 9 24.00 100.00 2 .ay 91,97 20.4 85,23 19.20 t 0,02
J1. -17- 24.00 100,00 ?1,92 91.32 20.37 84,88 19.13 79,73

JUL 1I 24.OU 100,00 21,76 90.Y4 20.29 84"54 19,06 79,49

UUL7 -r22- ;4.03 100,00 21.83 90.13 20.19 84t14 19.01 79,21
JUL 13 ?4,0 L 10,00 21,.0 9.58 2 •0.11 $3,O0 16.94 70,90

2Ut- - ?4.0 100,00 21,S5 86,95 20.04 83,46 18.a6 7S,68

Sixty ceg: Pogo 4



GCEATr TwkN GOEATFR TwAN GREATER THAN GPEAT(w TwAh

l.5xltCyp-6 1.Sxl'"ExPOS 1.5xIIACP.4 1. SxflnCPS3

DAY

Or THE T11F t/0
YEAQ NO'.4s TIME n/O wnIIRS TlMr O0n "OURS TIAF 0/1 .O'S

JUL 1S 74.0 10no.00 14.00 iro.on 24.0r. 10G,00 24.uO 1.00e00

JUL I, n4. o,0 74.00 0 0 0 24.00 100.00 24.0n 100.00

JUL 17 p4..0 100.00 34.00 fnlO.0 m 24.00 o .00.00 24.00 100.0o

JUl-S I 74.0, 1 0.00 14.00 l.lO.0n 24.00 100,00 24 .0 a 00,00

JUL 1.9 34.0"' 0.00 74.00 1no.O n 24.0 110.0 24.A 0no.00

JUt 20 20 7.0- 110. 00 4 .C 0 1 24,0 1O0I00 a 4..0 1c.00

JUL 21 4 . 0  1 10.00 2.4.0. .0i ý I0C 00r 24 . 1 .0 n

JUL 22 74.o0n 1m.00 o4.00 1 0 .. 0A 24.00 100 00 24.0n IflO.00

JUL 23 24.0• 1o0.00 '4.00 1 M0.00 24.00 100.00 24.00 1n0.0o

JUL 24 4.0" 110.00 14.00 1l0 .0" A 4.00 100.00 24.00 100.00

JUL 25 4.4 0 r 1n0.00 24.00 1nn. 2 m 4.0V' 100,00 24.0cC Iflt.Ofl

JUL 76 "4.0" 0 OI0 14000 -)4.00 n mn.On 04.00 100,00 24.-0 100.00

JUL 27 74.0' a- 1.00 >4.00 "1U.0' 24.00 100.00 24.oo Imo.00

JUL 28 74.0' 1f0,00 94.00 10r,.01' 24.00 o .00,00 24.00 100.00

ý; TMLN GAREATEW TP$AN G REA T iL T M A GPLAILM I ?-AN
1. SXl E 2 1 . 5X1UE X P- 1.5x GEZW*O• 1.5x 10Exel*1

JUL 1S ;4. - 1i0.00 :1.dl . 19..• dS 2 18d/e 78,26
J4. • .0' o 0 , 00 21-0v 81.89 19.8ý 82.• ,) 8. /0 77,91

JU•L 7 1 9b,5' '0.• 8/.34 19.72 Ok,16 10.64 77,66

J9 ,01 ?U.
0 1 86.70 19.64 ,.5 1.8.57 77,38JUL 10 96 / Ud .. 0 84 7.0

JUL 19 2,67 94,4/ ?0.60 86.18 19.56 81,bo le.49 77.04
JUL' 20 2. 3 94.26 ?205! 85.74 19.4 8 6 1. 4 76.66

JUL 21 0 .' 92,2' U A5.19 19.32 u5,!2 Id.su 76,23
JUL 22 1"9 92 2U. 84.52 19.2i btU.08 lb.i 75,88 I

JUL 23 . 9 • .. 0 R4.17 19.1' 7V,o 18.15 7t,62
JUL 23 '1.1 )9,6, )0.0• A.66 19,O7 7'.' . 75,34

JUL 24 71.6'" 48,6) P, R3.iI 18e. 79 40 17.V9 74.97
JUL 26 71.1' $8,0. 8•.4j B ;,42 27.5M 74,54

JUL 27 6 0"? / ,9.b A2.02 18.7 7 77V9 11.7
7  74,04

JUL 27 •.7' de.4u 9,59 . 18.65 11.T7 17.7u 73,74

S4

'4

Sixty dog:. Page 5



GREATER THAN BREATER 704AN GREATER THAN GREATEk TOOA~
I. 5Xl(I PQ6 1.5XIOCKPe i.S x1.5XCP-4 1.Sx flnEYP-3

0F TW[

YEA WOU1RS TIME 0/0 Po0uRS TIm7 oin O MOUS TIME C/o mOuwS TIME C/o

JUL 29 74.00 100.00 24.00 lo0.0O 24.00 100.00 23.16 96.51

-jUI•-- V4.00 100.00 ?4.00 100.00 24.00 100.00 22.6S 95,22

jU 1 74.0" 100.00 24.00 100.00 24.00 100.00 23.46 97.8s

LV--O"- 74.00 100,00 P4*00 lnO.O0 24.00 100.00 24.00 100.00

AUG 2 74 1, Of 0.00 ?4,00 100.00 24.00 100.00 24.0 n 100.00

Aa S - 4.0a 100,00 74.00 1nOmt,0 24.00 100.00 24.00 100.00

AUG 4 4 .00 100,00 24,00 1O0,On 24.00 100.00 24.00 100.00

AUa- S )4.0n 100.00 74.00 10.00n 24.00 100.00 24.00 100.00

AUG 6 74.00 100.00 74.00 nO.On 24.00 100.00 22.9o 95,40

A* ? 74*flf 0 100.00 74.00 fo .op 24.00 100f00 21,9v 91.69

iVG 8 24 1n l00,00 P4.00 1n0,0 24,00 100.00 ?I. 16 8.15

4U&-- 9-1 74.00 00.00 74,00 1nO.on 24.00 100.00 20.61 e5.67
AUG 10 ?4 .0 100.00 74.00 1no0.n 24.0u 100.00 20.30 e4,57

AUt--Tt- ?4.00 100,00 74.00 100,00 24.0C 100s00 20.05 03,56

4EATEw Tu k GREAlEM ImAN GPEATEP THAN GRE~lEr T1WAI

1. 5x 1.CZ• * 2 1 . IxO Of !p 1 1. 5x 1U Lx P *0 1.5X 2 r E. .1

JUL 29 20.64 86,00 19.47 81.1,1 16.57 77.36 17.63 ?3o46
UL--o- 2 0.S u 85,40 19.30 8*U,40 18.45 76,48 17.b5 73,13

JUL 31 20.30 84,5y 19.ko 79.99 18.30 76,27 17.46 72,75

"AUG---r 20.19 84,12 19.11 79,64 18.21 7s,89 17. it 2,26
AUG 2 20.00 83,71 1•90 .1 16.14 75,Og 16,0; 71.60

"ZU-'-' 19 9,95 f3,12 18,04 78,52 18.06 75,25 71 , 54

AUG 4 19,77 82,3v 16,72 77,99 17,9 4 74,?S 17,.u 71,23
Ut 1 19 i6ti 13,89 18,65 77.69 17.7b 74,L .7,A 70,86

AUG 6 19 .53 81,36 18,S4 77.26 17.71 73,76 .1 70,41"Tuv-' "T" 19 .34 80,57 18.40 76,68 17.64 73,149 • /6 69,84

AUG 19 2 80, O 16,24 7s.99 17,8b 73,13 16.70 69,57
19 9 C9 79.56 18,18 *5.73 17.43 12.61 "o .63 69,20

AUG 10 18,95 78,97 17.09 75.37 0.27 ?1,95 16.54 68,93

r[U t-T- 16, 78,it 1 7,V7 74,86 17.2k 71,67 16.44 68,t1

Sixty deg: Poge 6



GuEATrW TMAN GOEATEW TNAN QREATFR T1MA GREATFW TO-as

l.Sx 1O[vP-6 l.5yx tftfP.s 1.5x1oCxp.4 1.Sx AECXP-3

"DA,
CF Twr

YEAr -0o64S TImE ntn .01oRS Tlmr A/n WOIIbIS TIME 0/q PO,'Iv TIMF t/M

AUG 12 14.or IInao0 76.00 tnp.on 24.0( 100,00 19.2 e2.SA

AUG 13 74.0'o 10.00 74.00 1 0.06 22.9p 95t42 19.67 )1.96

AUG 14 >4, inn.0 74.00 tnIl.Oar 27.33 93,03 19.!4 A1.41

AUG 19 04.o• I Om00 24,00 no0.06 m 1.99 91.63 19.36 A0.66

AUG 16 ).t 0 ln.00 24.00 1"0o0o 21.68 90.31 19.21 A0.0

AU1.2 17 4 $•.10 74,0c 1 m on 21.41 e9,20 19.1, 79.5p

AUG 16 14. 1 110. 00 24,6 I0 r 1.Or 21.1I 88,15 1 a 5 78.94

AUG 19 17.24 A.A'4 >3,17 06.!4 2n.93 87.22 18.74 78.26

AUG 20 P2.76 1& 76 6.67 04.46 20o.71 8612S 18.67 77.78

AUG 21 17.24 *7 68 1?.17 22.30 2n.S2 85.48 1 .b6 77.31

AUS 22 ;.q 1.6
3  .g 01.34 2n.31 84.61 18.40 76_.7

AUG 23 7.7 . 9s* 59 71.67 ")- 3 2n.1 83,87 18.26 76.09

AUG 24 ->I.40 •955 71.42 •9 2. 9.9s 85,14 18.15 75.64

AUG 29 71.7' 8.,51 ;i.1.4 Ad. 2 19.7' 82,47 I8.-5 7 .

L.-t.TLw TMA\ SREAIE TNMA14 GWEATLH THAN GQLAI EK OAN

1.Sx I L£.* 1. Sx1•xl 1.SxlLxP.0 1.5xl'xt'l

AUG 12 1 77.8 7 IV 74.13 17. IS 71 ,J9 16.31 aI.97

AUG 13 .L45, 77,du .7. /1 73.78 17.04 71,0 1£6.';2 6 7.7

A U 14 1' ,4- 76.81 1/.6 73.49 16.92 1U,48 16.1I 67,30

AUG 15 18".2 7L.,10 17. 5 73.07 16.77 69,87 16.07 66.97

AUG 16 1.b' 75.75 i7 j9 72.47 16.7C 69,57 15.98 66,58

JUG 0 101. 1 7,340 17 25 71,87 16.63 69 ,29 15.6 66.07

A 8 1 7.9: 74,8 7 10 71, , $9 16.54 68,91 15, 7!p 65,61

AUG 19 17.d. 74,16 -1.10 71.26 16.41 60,37 15.07 65,31

AUG 20 17.7 73,73 16.Y9 7U.79 16.28 61,d4 1i.6u 6b.00

AUG 21 1 7. 73,39 .6.04 70.16 16.20 6/.48 iS. bl 64,63

AuG 22 1;. 72.90 -6, 1 6Y.68 16.13 6 ,i1 15,39 64,14

AUG 23 ¶*3 72,2y 16,66 A. 42 16.06 66,d1 15, e 63.72

AUG 24 7.C, 7 1,0U 16.'7 69. 0 15. q 06,67 15. 1 63,S0

AUG 25 17.t5 71,4ý 10.44 68.51 15.81 65,86 15.1? 63,01

S;xty deg: Page 7
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GOE&IrR THAN IREATER THAN GDEATER THAN GREAT E TAkA

1S. Srt fPe6 1.1SX.OEPS i. SdnEtP-4 1. XP 5 P$3

DAYCF THE HOUtRS 1204 0O*f "O0lw$ TIME c/o

YEAG .0,'NS TIME nlo "61jRS TIMF 010 S.

AUG 26 71.67 90,29 ?0.911 A.47 19.65 82,70 17.92 74.66

Eva 
2 ,-- 72.61 94.20 1."99 01.64 2n.19 84.14 47.80 74.1

&u& 26 74.0( 100.00 3S.5? 98.01 22.03 91,7 17.7? 73.84

.-uQ2---2r 04.o) 10o.o0 , ioooo 24.00 100.00 17.78 74.07

0uG 30 74.0" 100.00 74.00 lnOO1 f 24.00 100,00 23.56 90,1a

AU.rG- , 4.0" ii0.00 74.00 1 o.n0 24.00 o00.00 24.00 10.00

kSP 31 24.0n 1n00 7,00.0.0 24.OC 100.00 24.00 100.00
SP 2 7 74.0 10.00 o noO 24.00 100o00 24.00 100.00

SEP 3 74.0t I 100.00 74.00 100.00 24.0D 100100 23.10 96,27

Sgp 3 14.of 10o.00 4.00 aOo.0a 24.00 10000 22.26 92.73

Sp 1 n4.0"•• 100.00 94.00 1no.Ofl 24.00 100.00 21.34
stP 6 o ;4.1• io,00 p4.00 1io.O" 24.00 100.00 20.04 83,5.

S"P 7 74.0r 1o0. 00 0 1n.O0 24..00 10 0.0,0 17.76 73,9A

S-'-1 74.00 100.00 74.00 tio.O0 ?7'4 93,0s 16,60 e9.S0

GI~LE 1Mt~ 3! IM&h.N GREATER THAN GQEk1Cr IPIAt
1. 5X I-. XP- 2 1,SOX-I06 1. 5xIOE)LP*o 0,S•OX

AUO 26 17 05 71, 04 16.34 6b.07 57 65,It 14.93 62,19

AUW 2?7- 16. 9 4 0,44 16.22 67.59 15.63 65,12 . 62,19

AUG 26 16.82 70 16.14 67.25 15.53 64v72 14,4 61,82
-ro•--21•' ,69 69,53 it.04 6s.85 15.41 64,22 , 61,43

AUG 30 16.61 69,21 Is.92 66.33 i5.34 63,90 14.64 61,01
-G 63,00 5, 66.03 15.23 63,46 14,56 60,66

Srp 1 - 6.43 66,40 15,74 65.59 15.13 63.04 14.45 60,21

C1r--'2- - 6,37 68,20 15.6t -65v,* 14.03 62e22, je 89

SEP 3 16.26 67,74 15.S2 64.65 ,4.93 62,22 14,. 9  59,16

s5t7F��1 I6.OQ 67,04 I5.43 64.30 1,.7 61,93 14,19 59,12

SP 15.97 66,55 1.36 64.01 1 . 7 61.56 14.08 56,65

SEP--- i5.vl *6,27 15.26 63.f9 14.64 61,02 is,97 58,21
SEP - 15.91 65,67 15,11 62.97 14.52 60.1 13.91 57,95

. t-.--.- 5.--- ,7 65,29 14,9* 62,44 , 60,1 j3.84 57,6i

Sixty deg: Poge 8
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GOEATrR THAN QtcATEQ THAN GREATER THAN GPEATEw TOAN

1. xnA[VPW6 1. Sx InEwxP5 1. Sx lnEXP-4 1.SqnEvP-3

uAy

CF TOE
YEAR 0'Q"AS TIME n/f) .. OiRS TINF o0n wotIRS TIME 0/t P01!PS TIM! c/n

SEP 9 14.0, 110.00 p3,38 97.43 2n.64 86,00 16.40 68,33

SiP 10 72.99 '5.78 P1.77 90.7n 18.22 75.91 16.25 67,72

SEP 11 '1.or 47.52 19.71 A2.1. I7.66 73,59 16.06 66,93

SLE-It 48a.A 78.36 17,95 74.79 17.33 72,21 15.96 A6.5p
SEP 13 1 7.99 74.97 7.93 74,77 17.17 71,56 15.90 66.24

S" 14 1 i7.99 74.97 i7.93 74,69 17.02 70.91 15.$1 65.87

SEP 15 47.9Q 74.97 17.92 74.67 16.93 70.S 15.68 A5,34

SEP 16 17. 7 73.93 07.6" 73.6S 16.84 70.17 15.S4 64,76

SEP 17 J7.4- 72.89 17.43 72.64 16.73 69t69 15.45 64.39

SEp-lo 47.40 /2.89 17.43 72.61 16.59 69.11 15.39 64,11
SEP 19 1 7.49 7?.As i7.4? 72.59 16.40 68.66 15.29 O.73

IgP 20 17.24 7j.8S q7.1m 71.SA 16.39 68,29 15.17 A3.19

SEP 21 .q 
7 n.91 16.94 70.S7 16.29 A7,89 15.08 62.8?

StPo 22 17. 2A ~7;.0 ¶l6,94 'O.59 14.?2 67.60 14.97 62 .36

1.5X1.''X'
2  1.Sx1oExPw1 1.5xlOEXP*0 1.Sx 1O0xP*1

3cP 9 15,5' 64.50 14,V4 62.26 14.,3 59,98 117,4 57 27

-('10 15." 64.3/ j4,5$ 62.00 14.31 59,64 13.63 56:78

SE it 15,3n 64.0V j4,)l 61,60 14.20 59,16 13,49 56,21

SEP 12 15.29 63,70 14.65 61.02 14.03 SO,46 13.44 55,99

SEP 13 5.1' 63,14 14.4Y 60,38 13.97 58,20 13,7 55,71

SEP 14 1 .0o 62.49 14,45 60.22 13.9 b 57.98 13.9 5537

SEP Is 14.95 62.29 14.39 S9.98 13.06 5/, 8 1.18 54.93

SEP 16 '. dy 62.01 14.61 S9.62 13.74 57,25 is.u) S4,39

S1P ¶7 i4,74 61,64 14.1g S9.07 13.59 56,64 12.Vb 54,01
SEP 178 4,6, 61Od 14,06 58.58 13.5b S6,eis 12.0 93,75

SEO 19 1 4. 60,66 13'*6 Sb, 17 13.43 55,Y7 U 53,43
SEP 20 14.4ý 60,2d 13.91 S7.95 13.37 5!),70o 12.13 S3,03

5SE 21 1 .. p' 5997 .3.63 57,61 13.2/ S5,30 12.62 52.57

.EP 22 14.31 S9,61 tj.
7 U 57.09 13.15 S4,80 12."3 52.22

'ixty deg: Page 9
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GQEATFR TmAN GWEATER TwiN aREATER ?HAN G
4

E&TEW TOAk1.Sx nAtV06 1.Sx O[XP*S 1.SX I([ P4 1. SxIOEXP-3

DAYOF ?T M TIME C/f
EAR NOLS Tl 010 TIME T U/

oip 21 18.39 76,63 17.62 73.43 16.36 68,1s 14.00 62.07 q,.

SZ9.74 
02.25 •1 .13 ?9.73 17.23 711?' 14.03 61,79

SEP 25 71.26 80.60 70.77 86.S4 19.38 80.76 14.76 61.49

1tPs.2 322.6 9P.28 72.41 93.37 21.23 08,46 14.72 61,34
SEP 27 74.00 100.00 73.76 4 9 .00 27.91 95.47 20.S3 05,54

T-1P--a-- ^4*.ln 100,00 76.00 100.00 24.00 100.00 22.65 94#3c

SEP 29 P4.00 100.00 P4,00 100.00 24.00 100.00 24.00 100,00
-- r----- 7.0 100,00 24.00 100.00 24.00 100.00 24.00 100.00

OCT 1 74.00 100,00 04,00 100.00 24.00 100.00 24.00 100.0o

"il t1 -7-- P4.on 110.00 24.00 100.00 24.00 100f00 23.35 '7.31

OCT 3 )4.0f 100.00 D 4.00 100.0n 24.00 100.00 22.44 93t50

4'-- 4 p4.00 100.00 74.00 100.0r 24.00 100.00 21.33 88.86

OCT 1 74.00 100.00 24.00 1O 0n 24.0n 100.00 19.82 82.S9

-0 T'-0- 74.01 100.00 74.00 100.00 2 7 .79 94,97 17.71 73.77

GkEATLO TMAN GREAIER IMAN GREATLR THAh GREAI•T THAK

1. 5,UEXP,2 1 SX IOEXP91 1.Sx GEXP*0 1.Sx lExxP*l

SEP 23 14'1" 59,07 13,62 56.76 13.Ut 54s50 12,43 51,0

-EP 27-12
1  4.11 58,00 3S54 96.,41 12.98 S..0e 1?.65 51,48

SE1 25 14.02 58,43 13,42 55.91 2.2,9 5$t70 12.;6 51.10

SEP 27 j3,83 57,61 13.23 55.11 12,69 412.9 5o,39
r-•lr- - 13,71 97,13 13.17 54,t8 12.04 5z,66 12.01 Sg,0'

SEP 29 13,6b S6,98 13.11 S4,62 12.56 52o35 11.V0

"-917"xTr J3,64 56,82 13,02 54,24 12.46 51.911.0a 49,15

OCT 1 3.5 7 S6.54 12, 8 5.5,68 12.32 51.34 1 '/u 48,76

1~-7 3.46 56,00 y?2.' 7 5r3.1-4 12.23 50.94 11.04 40,51

bcT 3 13.30 55,40 12,71 52.95 22.18 50')6 . 48.21
S 13,22 55,08 12,66 52.75 12.11 50lz0 11.48 47,83

SOCT S 13,16 5,5 1•2.59 S2.46 12.04 50,16 11.46 47,34

.-cr---w i~0o 54,51 12.48 S2.02 11.9; 49,66 11.24 46,82

Sixty deg: Poge 10

,-34



GwCATrw Tm&N GGE&TER TwAN GPEATC4 TWA#' GQF.ATEk I)&!
J.SxjA~jp.6 I.SxlnEIP'5 J.SxjPfVP*4 1. SxnExP-3

yCF .O • TIM 0/0 twF OupS TIqr 0/ NOtIRS TIME 0/e m0IIws TjmF rio

4CT 7 4.0" 1o.0 ;13.09 96,a 21.14 88.06 '4.51 s0.47

Oc T a 72.14 71Q6~ .37 09 .0 19.2' 40.16 13.66 56,94

OCT 9 7 •.9 84,97 49.55 Al .4t 16.93 70,bS 13.49 56.23
4T 10 C%' 77.26 17.64 73.51 14.73 6 1 ,3A 1i.33 35,54

OcT 11 1 s.7A A9.AI i5.51 44.64 J4.43 60,15 13.22 55.10

oCT I 1 9 ).51 S'S l A '3. 27 14. ~ 59.4 .1 13.17 !4.89

OCT 13 4 9 " ,.47 A.g 9 A 59,10 13.11 54.63

OCT 14 4'2 7 4 51 43 4. 69 41 .2m 14.12 6,wl3 13 . O 54.27

oCT is j4.74 61.43 4.6 6C 1.1I 14.0' 58,50 12.91 S3.79

4CT 16 i4.74 6 1 .43 4.• 6 1.1' 13.9. 5I,10 A?, 9$ S3.45
OCT17 '4.7 •.43 i4. 7  •1,14 13.8 57.71 12.14 53.07

4cT 1 .*40' 4An.39 4.43 A'1.14 11.77 57,39 12.07 a2,79
PCT 19 4.4 '.39 4.43 . j3.A 57,00 12.01 ;2.53

OCT 20 4-A. A.91 jA.4 3 A.I.j4 13.64 56.81 12.56 12.19

* ~~1" MAN (iGEAlEN T.4AN GRJATLk TM4Af GWýAIL" rl-AN

1.5)c 1fI .SX1UEXP'- 1.5K Q~tP 0L. 1.sx io(IP.1

2C 7 .?A 54S0 S1.37 11.76 499 1. its 46,60

tCT a 1 2.02 S3,36 12.,
3  5U.

9 7  11.71 45,1 11.12 46,31

9 i2.
7 e 53,3 i2.;tu so.,1 11.6) 46.61 11.U4 46,00

OC
T  10 12.7 4 12.1' 50." 11,6u 48,5 10.4 45,56

OC T 1 0 22 G Z , ¥ 1 .0 6 S u W6 1 1 . 51 4 / ,9 4 10 . 614 ,0

OC T i t 12 . 6 ,e 52 5 V I " V 5 4 9 .7 8 1 1 .3 7 4 1 , J9 1 0 . 7 2 4 4 ,6 6

- ~' 12T 13 2. S4 S?'7 23.0 19 2 • • b 9 U 44.43

O5 1,7.4 $•3 11.6s 49.20 ji.2b 46.96 l0.o6 449J4

OCT 14 1e.2/ 3e ,91 •8.6• 11.15 46.4Sd:Pa 43,7g

O C T 1 6 1 2 .1 1 5 0 .4 6 1 ,'$4 4 8 ,g9 10 .9 6 4 S, 7 3 1 0 . 41 4 2 .9 6

0• 1 •0• •010 11,41 47,59 10.07 45,31 lu.i 42•

I.49.61 !-. t 47,30 10.7v 44 V0 4O C T 1 9 ' . 9 1 4 9 .3 0 I I . W 7 4 6 .9 4 1 0 . 6 v 4 4 , :) 1 0 . 0? 4 1 ,9 6

Sixty deq: Page I1I
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GOEhTrIR TH4AN GREATER ?WIAN CQECATER THAN GREATER ?WA

1. Sx10EYPO
6  l.Sx 1ICPEWO 1.5x 1nCKP*4 .xE!'

DAY
or ?WE

YER i: 1 r TIME MIC .'OINRS Tim4 0le HOURS T!4E 0G0 .OUwS Tywr oroe

OCT 21 iS.95 66.44 1S.09 42.06 13.72 57,16 12.43 51.• 9

-0C--- 21- A7.47 72?,0 16.04 70.1s 14.31 60,4S 12.37 5ISS

OCT 23 i*.o0 79.49 18.56 77.34 17.20 71.69 12.31 51,29

5c- I* 0.6A 96.0e ;19 A 4 . I 4' 19.09 79,56 12.2s s1.03

oCt 25 P2.7m 02.49 -P 7 9 a. a A 20.77 86.595 16.82 701(

OCT 20 7.377 9e.64 P3.36 97.3p 22.36 93,16 20.19 P4,11

OCT 27 26.01 1n0.00 ;4. 0.00 100.00 24.00 100.00 2?.10 92,10

OCT 283 4 .0 100.00 74.00 100.0 p 24.00 100.00 24.00 100.00

OCT 29 74 .0 100.00 74.00 10*0.0 24.00 100.00 24.00 100.00

OCT-30 29 4 0 100.00 74. 00 100.0n 24.00 100.00 24.00 100.00)

OCT 31 4 0 f Ina.00 :) 4.00 1)0.01 24.00 100.00 24.00 100.0 r

NOv - I P4.O0 IO00. 00 :4.0, In0.0n 24.00 IO0,Ou 22.53 93.89

NOV 2 74.0' 1P0000 74,0L InO.O0 24,00 1O0.00 21.09 $7,88

NO7 $ 4.0n 100.00 ?4.00 i1o0re i 2¶.A3 97. 1 1U Q i. I€ C

GLFAILW THAN GREATER THAN GREATER THAN GREA 1 EK TMXA

1.Sx- .EXP,2 1.0-K IDEPGI .*5x1o.xP40 1'SX1OLXPI

oCT 21 11.?7 49.02 11.10 4,56 10,64 44,32 9. v 41,5

ec ,-- 2• 11.67 48.64 11.22 46.33 10.38 44,0 I ,88 41,17

OCT 23 11.6 48,40 11.04 4S.99 10.46 43,58 9,.1 40,87

"T!•V'" ' il.S' 48,0' 6 O,vS 4S.15 10.39 43,20 9.?? 40.O.

OCT 25 11.44 47 ,6 10.00 45.33 10.32 42,99 9,63 40,13

''1- 2- 12.39 47,44 10.01 45.03 10.22 42,0V ',56 39,82

OCT 27 11.32 47,10 10,71 44.62 IC,14 42IJ4 9,46 39,43

-cT, 11.25 46086 1o.03 44.30 10.07 41,94 9,30 39,10

OCT 29 13.85 5771 IU. 5 6  44.00 9.97 41,54 9,32 36,81

"-"LT-3So 11,27 46,34 10.46 43. " V,91 41,28 9,23 38,46

OcT 312 •,03 45,94 IU, 4 2  43.40 9.b! 41,03 9.13 38,0S
"T---- 10.97 45'69 jQ0,6 43.16 9.77 40,70 9.06 37,75

NOV 2 10.92 45,50 10.w0 42.85 9.67 40,27 8.V7 37,39
IDur--- i0.05 45,2S 10.10 42,4? 9. 5v 39,98 o.vo 37 97

Sixty dog: Poge 12
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G=C>'TQ T~• GCEATER TN&N GREATFQ THAN GQELTER TNAk

1. Sxi'PýVo06 1.Sx'EwP*S l.Sx 101XP-4 1.Sx1nEXP63

DAY
3F TO 

T i

¥iAD -0, " Tmr nip "OU TIMr ojf t'OlQ T14PF 0/m 040 • r 0

NOV 4 )4.n p na .a0 73.27 06.94 21.56 89,84 17.20 71,60

1O0V 5 P2. ? 92.57 71.44 M9,35 19.73 82,22 14.09 !8,70

NOV 6 P0.f1 l 83.73 j9,44 Ao.90 17.82 74,2S 11.11 47.95

MOV 7 iH,4 76.46 7.71 73,79 15.71 65.46 11.31 47.11

kOv 6 6.AF 69.49 ¶58.V A6.59 12.86 S3,58 11.16 46.4A

NOv 9 ,4 .9 62.42 14.01 58.30 12.38 51,58 11.07 46,13

kOv 10 13.21 r5.C e 2.93 3.89 1 .it S0,62 11.i0 45.8;

NOV 11 1?.99 54.13 12.92 Is.84 12.07 50,30 10.93 45,56

hOV 12 '2.74 53.10 ¶2.60 52.8O 12.02 50.07 10.89 4 .

NOV 13 12.7 933.10 i2.6M 82. $ 11.95 49.79 10.84 45.1R

kOV 14 12.74 53.09 2.6b S2.87 li.91 49,60 10.78 44.93

NOV 1 7 . 4 S7.06 '2.44 91.83 11.8 A 49.41 1t.'1 44.6;

NOV 16 j2.49 52.06 . 8.8a 11.81 '9.20 tO.b 44 ,35

NOv 17 22. S' 52.fl 7  42.43 1.81 11.76 4'9.00 10'60 44,I

G=E.TE'o TMAN GREA IH 10-AN GQEAT[E TI1AN GALAIEm TtAK

1. SxI*EXP2 1.5X1CXP.I 1.Sx luEk0- 1. 5xiuCx"'l

NOV 4 10.7f 44,85 10.11 4J.11 9.51 39,64 8.tI3 36,80

Nov- 5 10.6S 44,3t 10,0 41.80 9.44 39.41 8./5 36,48

NOV 6 lo.S 7  44 05 9.95 41.45 9.39 399,11 d.66 36,10

NOV 7 10.49 43,71 9.V1 41.28 9.32 48,84 8.59 3S,78

NOV 8 10.4£ 43,47 9.06 41.04 9,24 38.51 8.51 35,46

NOV 9 1 0.3y 43,2; v,7e 4U.75 9.15 s8,i1 8.47 34,10

NOV 10 10.4.' 43,04 9.89 4C.3 6  9.0V 31.86 8.•7 34,86

kOV I1 1u.2A 42,74 9.62 40.08 9.01 37 ,55 8.U 34,59

NOV 12 10.17 42,36 9,56 39.8A 8.93 37,23 8.22 34.27

NoV 13 10.11 42,14 9.4s 3-.51 8.8v 37,U4 8.14 33,91

kOV 14 10. V 41,91 9.42 39.27 8.83 36.,Ou 8.1u 34,75

NOV 15 9.99 41,6 9,35 39.08 3,76 36151 8 .3 33,48

NOV 16 9.9 41,36 9,3 38.85 8.68 36,15 7.96 33.16
NOV 17 9 4tI6 9.26 AD.57 8.63 3!.Y4 7.99 32.93

Sixty deg: Page 13
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GmEt!R TWA ORATE 'IANGREATER TM&N GREATER T"Ah'

GCIP THA W ATER IMA 
1.' SxlxfýE I.x OC P P,~ -01 3

DAY VR TM /

a4 1R THEE H~0 ,OURS TINY 0 15i HOURS T11E go N tRS TNEbt

wO 6 14.07 so6,2 13.0s 114.31
7' 49,04 105 36

Nv T U i s i s 7 2 G s S2 1 11 0 
4  6 2 .6 5 6 2 4 1 0 .3 24 3 7

wvv 20 7.3 72:36 1-4,I 70.05 Is g00 4 ,6 1-0.0 43 *50

N~ o v - f l 2 0, 7 0 .3 70 j , 2 ? 7 5 .9 b 17 .0 9 7 1 ,2 0 1 2 : 8 31 5 3 .50

i m - m2 1 670. 2 2 A 2.O s o &, $4 7 6 ,S 1 2 .8 5 3 4 5

NOV 2 2 o 22 a4 23 4 ' 7.51-0 92 9 5. 6514 4) e so.0 19 7 62 , 0

N~ ov- 2 P4,00 100. 64 'i :4 0 450.00 2 2,00 91-00 9 89 8

kov 26 134ng 97OgeO 74.0 10.0 24.00 160.00 23,.57 9,'

var-7 P4,.0 0 10O0.00 74.00 %0-n00f 24.00 to0.00 24.705 000

NO 6 ~100.00 74 0 10 -0 241 :0 , 24.00 100.00

NO 2 0 .0 o 0 14 0 1n 0.O af 24.00 t.oo 00 24. 00 too -.00

w~v 30 ~ 0000 74 .0 n . o 2 ,0 1000 2 -2.56 94.0 1

w o - -2 14 .0 n 1 0 0 .0 0 7 4 0 0l o .0 2 4 . 0 D 1 0 0 . D o 2 o 0 6 .6 6

QPEATLK TAN tv EAIER 174A" GaEATL'4 IMAk 1.5XIDE'X V ,~j

N V 1 * 4 4 0,96 9 .1 38 ,23 65 7 79 3 R, 44

NO 2 ,71 40,74 9-14 37.07 8.4 t 14 7./2 32.1 5

-K 9r*-21 9, 71 4 0, 44 9,0 9 37 . 87 4 3 4 v 7 .64 31 '82

N o v 2 2 9 , 6 6 4 0 . 21 ,9 . 0 3 7 ,3 S * .3 16 3 7 0 7 5 9 3 1 , 91 6

No v 22-z 9,6 3 9 99*g 37.g9 8, 27 S4 ,45 1 3

9O 2. 0 39,54 6.96 669 ?Q2( 34 .7 7 .47

- gu y -- 9 ,- m9 6 6 .8 1 - 3 6 . 91 8 ,1 3 i,0 7 ,

NOV 26 9,56 $9,64" ,5 3 .6.l 4, ;e. 7 .40 3 ,6

Nov 2 4 9 ,96 6 9,32 5,71 36 ., 1 a 115 33, 105 7,30 30, 64

14 V 22 14 2 39 2 6 S6 ,1 S : 7 33,62 7.255

Nv 2 6 A " 9,3 39 .2 6 ,6 6 36 .06 a.0 o p 3 .4 3 7 1 9 d

NOV 30 9,31 16,86 8,63 35,9o 7:9k 34.01 7.11 98

~~~~ 926 36,60 dS 58 .2 £.1 71 96

.Aw

Sixty' deg. Page 14



-I l&N IrOEAT~bk T..AN GO - TmAtý rOEATCk Tw.&t

1.5xi"Ev?",6 1.5x2AmEyp5 1.SxlrýEWP-4 l.SxlnCvP..1

eF y'.V

YEAC ý.-O,-WS TImr n.#0 w-'"4S TImr (%/ m oiiS T i-qF On eOll.c Tlmf rfm

im(C 2 74.ný I~n.00 ;13. So Q . 9 27.r22 92 . s 18.87 714.64

MtCC 4 ;)n .4 7 15.31 1 0 3.1 Is . 6s 77,86 t3.76 57.31
rie 5 A . A 7m . 36 1 8 29 76 2 16.8h 70.34 10.08 4.9

rice 6 7.2 71.67 1 8. 60 Ali. 44 14 .9,? 62.o9 9 . * 1.23
týc 7 C A~ 6S n 3 a4 90 A 2 A 1 . 1?1 50 ,77 9 8 40 7s

rCC 8 Y li o" '3u A 4;4. 3 m i .15. 46.46 9. 74 4 . 57

T'CC 9 'A 11.60 40 .1 ln . 9  45.80 9.7? l.S
r, EC 10 Il.' 4AA93 , 1.6m 48. 6A 1,1.

9
5 4S.61 9.71 4 v.47

74 CC 11 .7 48.93 1 .60 4 q. AA I n. 9 
p 45s's 9 . 7 1 A .4;

CNEC 12 74 4.3e t A I D 7.0 9! 4,4/6 ?. ý? , 2.49
TMEC 13 7.j-; A9 6 6 S* I 7n .So 453A.v ~ . 0, 4,34

?%(C 14 74 4.4M.1 6.40 4b.S I .1 7 45.29 9.uu 429.

!'EC 157 1 .93 1 0 4 ..: 9 1.4 ') ..do, 45,271 6. t 4 ? . 20

TIEC 8 9 7 8 2 t 15 . 4 7.0 31.~ !.N.o1, 2 9.46
r, E C 4.O ýp 8d" 4 0*S, 7 . 732 7 e./ .29.1
r, EC 19 9. i 44.04 ~ G4e4 04.14 7 . 7 32.63 6.1 2 tl. V

fMCC 12 9.9 17.9 6.4y A'429 4 . 71 421,0 6.2 2a,81

nEC 15 17 7.3 t L 044 7 17.OV 31,.U6 6.137 2b.64

nEC ~ ~ ~ ~ ~ ~ ~~bt aeg P7g 15 4ýk .03 sle 6.3



~GEAlrR THAN fRIEATER T14At' GQEAT!H THAN GREATER O

1. )d ýE VP46 1.5x IftCXPOS 1.5x 1flEKP-4

DAv

eF TN wQW IM 1 olRS 7114E 0/ mo''QS limF r/n

YEAR MCI. TM / woRS TIME 0/0

S1,1 ~74 14..69 46 .71 10 -69 45,39 9.66 4P~.23 W

DE.2 13.4 12475.87 11.05 46.05 9.65 '0.2;

-u cC T~ 1 4 .2 9 9~Q. 2 0 4 3 .31. 6' 1 7. 7 9 r3 t2 9 9 .6 8 4 0. 3 4

156984.20 is2 634.

DE32.? 6s4 4 70.St I -6 6,7 9.76 40.67

DEC,20 887 81 .323 1634.2 o .O' 71.22 6.67 2.81

8,951 37'99 A2,3 -7 9344.9 7.6 !'e 5. 01 62.92

D~EC 26 71.,9 5&99 6. 9.8 227 34.4667.9. 31,20 6

'5M 23 l.8 7 9.2 i4,5 3.. 24,3 26.71 A29.

b EC 26 1~6 440 4 6.3 346 2 4.0C 3100 0,/ 28.0250 0r
27,4 6,)o .~h 7.5 31. 007 128.2w f

74.Sixt deg Page0 16.

DEC 20 74 n A 00 . 00 ?4.00 1 0-0m 4 O 10 0

-nc- 0n n0 00 4.00 1 o0 0n 4.0 00. 0 2.8



GCA&?r'4 TMAN apC&TFQ ?i"AN QG(.ATFO THAN GDEATEW ?g.4e

1.Sx InAYPO6 1.5x IOC[P-s 1.5x In£UP-4 1. SxiOEVP 3

D AT

CF T'.r
YEAD wOIRS TIME n/n wOliPS TImr 04n MOUWS TImE Oln MOULIW TIMF r'n

acc 30 24.0 100.00 ;40.o Ino. on 23.57 98.20 20.80 86.65

nCc 31 73.37 97,36 •2,6 95,2m 2j1.65 go,20 18.83 78.47

jAN 1 21.64 90.16 p1.16 A8. 1 A 19.97 83.2 16.6' 69.33

S 2 9 43. 2 09,55 Al .4A 18.31 76 41 135.5 56.64

,JAN 3 ~8.44 76.84 q 7,95 74.711 16 .s, 'd ,99 9.9m 41,60

jAN 4 s, .A 7nA.33 16.34 A8,fl7 14.53 .0.51 9.93 41.39

jAN s ¶5.24 63•.,4'0 .,6n n. .5 48.11 9..2 41.35

J A 6 3. 5S 56.47 -2.54 %2.41 1i1.6 46.92 9.95 41.3p

jAN 7 1 .99 4g,9o 1j,93 49.7n It.-1 46.47 9.95 41.4S

jai a 1 j.91 49,97 41.V3 49.7m 11,18 46.61 9.99 4A,6k

JAN 9 1 .9q 49g
. 7 1 1.,A 49.71 i1.22 46,76 10.Cj4 41.84

JAN 10 .914 49,97 ii.93 A) l1 7 1.26 4 ,?' l0..18 42.01

jAN I1 '.09 49 97 1.93 49. 71 1 ,r 47.06 10. 1 42.17

JAN 12 '2.2? 5,O.01 2.17 S I .7 1 .33 47.21 lo0.16 2.34 2 .3n

tLATOEm TmAN GQCAIEM 1'AN GEATLlW THAN GRLArE" TMAK

1.5x .E12 .5 I 15)(1EXP- 1.ESx I APO 1. Sx1uEXI'1

1AEC 30 u .4. 37.43 .3 34 ,76 7.61 61,71 6.00 26,34

ist I 89 V 37.48 d . S 34.03 7,.65 31,66 6.52 2d t43
DC 3 a 3.1 7.60 32#Ql 6,85 26 ,S4

JAN 1 9 .0 74
JAN 2 9.04 37,6 d .40 3 #.90 7,. 32.16 6.7 28:6S

2AN t ,.07 37,78 8,41 35.06 7.75 3,40 6 u 28,76

JAN 4 91 '; 37,9? 8,43 31.13 7,79 2,44 6.3V 23,87

jAN 8 . 58,'2 , 7..5 32.7uL 29,7u
jAN 7 9.2. 38.' 8,54 Y5.58 7,8 d,,93 1,o 29.41

JAN a .'21 38,6 b.b8 3S,76 7,971 32,94 9,7S
AN 9 38,7v d.62 S5.92 7.9' 3,1 7 .,7

JAN 9 .3, 18,94 .65 16.06 8.01 33,38 1.19 29.96

JAk 4 9,3, 39,0 a ?171 36,29 8,36 3 8 7,24 3g,19

JAN 2 9.41 39,20 8.17 36.S3 8.11 33,78 7,3i 30,40
_o..

t.1

•'.5

Sixty deg: Page 17
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GREATER 'THAN $*EATER TMAN GREA'TER ?NA.'y GRE.OCN TPAW

1.SX intipme1S OXeS1S OVw 1.$xlnEC!P-3

DAY

44011AS TIME n.'0 sioIIRS T194E oift ,OIiRS 7104E 000 OLR ~ rt

~IW U 3." 4,0 ¶.2 5,8 1i.47 47.860 10.24 42.85

JA i 14.83 6 1.6a0 14.07 Se676 11.74 46,91 %.2 42.69

6.W-z 445 Go 96 j9.87 66.14 13.ts6 56,60 10.36 s9

JA& h 7 118.0s :15, 17.53 73.0s is.99 .66 6A53 438

:ja**-*U8j.6.0*4 193., 178 74.54 10.96 d58

J" 73.4 89.2' j6 .~91 19 6 62,05 is 48 64,5

JAN is 71.52 96.24 736 0 5.6 21.46 69.40 17 : 93 74,71

.JhhN 21 :I.0 52 00.00 ?4.00% 180.00 21.40 97,S1 20.0o2 83,40

JAN-21 ;14. on 100.00 74.00 1 ft0.00 7 4.00 100100 21.139 93..??

,JAN 25 74 .OC 1oo,00 04 .00 1 ý0 -Of 24.00 3.00. 00 24. 00 100. 00

JA7* - 74- 10o~ 7.0 1on. 24.00 3.00. 00 24. 00 100. 00

JAN 29 74 .00 10,0Do 74 .00 100v.00 24.00 lo. 0000 2. 1.0

JaW. 76 14 .t or 00,00 7P4,100 1 n P- O 24.00 10 0.tD0 24. 00 Ifo10 A0

GO-EATEPI IMAN GREATER INAN GWEATER iIMAN GkE&7E'm TM&K

1.5x IOExP.2 .. xIOCxP-1 1.5x 3.ULKP-0 1-5X1OCXP43.

JAN .1i 9,46 39,44 6.82 36.,73 a . 15 33#94 7.34 30,60

.JAN 15 9,98 39 91 6,90 37,07 6.2 34,29 7.t47 31,40

JEN- -11 9.63 40.11 #.97 37.38 8,2u 7.590 3 1 t .3a4

,jAP N,.7 9,67 40.2' 9,04 37.67 8. 36 34,72 75 16

j2w is 9 .7c C 0,a 9.3.0 37.90 8.41 35. U4 /.64 31,85

,jkoý 19 9 .7S 40t6l 9.14 38.310 8.49 35,30 7.69 32.04

9E 2 .. 81 40 89 9,16 38.26 8.56 3ý0 466 7 .14 32 f27

JAN 21 9 9 41,36 9.22 36.40 .6,1 35,8 .io 32,094

7AW - M 1 0.0? 41.71 9. 20 s8.65 8.66 36, 09329

JAN 23 0o. Ir 4 2,:09 0.64 38.92 a. 70 3625 7,.98 33.27

utJw 714 c 3.6 42,32 9 , Ac 39.33 a6,78l 36,59 8 .0r5 33,56

JA#. 29 ¶5.68 65.33 9,53 '9.69 8.86 36,90 8 .12 33.02

JAW -26 93o 4,0 959 39 .96 b,4 .t 37 ,6 43 6 34 , 0

arm

S~x~ydeg: Proge 18

- ~ ~ ~ ~ ~ ~ r V. e. -N A.- . . . . a va-- a -. fC



GpATrW TmAk qOEATER T-AN GPEPTEW THAN (DF ATFH TOAt
1.S l,£v .61.SxZ nExp°S 1.Sx V,[X p°4 1. Sx IRE vpo3

'DAY
yCAg M0,' TTPE n/0 .06iRS 7Ipr OAn .m09toS TI"F 0/1 m0Q".S TImF r/n

JAN 27 
24.fl 

lf0.00 •4.00 1A0.OI )4.0( 100.U0 23.11 96.21

JAN 28 4.mý R inO.flO a 4.00 Ir0.0of 23.41 97.S6 21.23 8d.46

JAN 29 21.or 95.82 )2.63 04.3n 2?.77 90,71 19J.7 80.31

JAN 30 ¶14'' M9.39 ->.I05 7.64 2nl.• 84.01 16. 9 70.67

j Ah i1 9 0 1 A A 4 .0 2 19 7r p ?2. n7 1 A 4ý' 
7 7 .U6 11.4? 47.6n

rIs . 77.48 18.1 75.41 1A.6' 69.4 11.34 47.24
rE8 6. 7I.7 5  

i6.J9 •. S 14. 3 59.66 8 1.34 47.2i
3[ A • 3 63.92 14.SS A r. .64 1 p. 7( f2.100 11. ? 7 4

d 3 A% S6.89 '..2 n 4;4 .9 17.61 52,s6 11.49 47.6AF E " 4 ;. 4 s s . 1 d 1 3 . 1 9 r.4 . 9 A ý > . 6 5 S 2 . 7 1 1 1 . 5 6 4 0 . j •

FE 8 9 4 4 4 S6.2 ? 5 . 43 ,9* 17. 7 S2.91 11.62 4i 44

F~ ~ ~ ~ E 6 - f 66
FE 51 i 7-' ' 57.28 . 687 C. S 1.9A ,I p .1.x 7 . ...

4 a . 7. 57 .26 S.65*7 -6.9 7 17. 55 S.46 %1 2 48.8;

rc E d ý 7 2 3 * . 6 I. 9 ; 9 ,A S 3. 8 4 1 4 9 .1n

,Aw MNqElwT0NAN GRLAL'H THAN GPLArEN tb.Ah

JAN 27 10.25 42.7d 9,04 40.19 9.04 37.67 a. 2 34,25
JAN 28 10.31 42,95 9.89 40.38 9.11 31.95 8.29 34.55
JAN 29 10.31 43.18 './2 40. 5 9.10 38.17 8.u 34,99

jAN 30 u'.4^ 43,5/ 9.78 40.76 9.21) 8,5 8,49 3•.37

JAN 41 .0.54 43.90 9.87 '1.14 9.2 9, 8.So 35.68
10. 6 1 44.1/ 9,vo 41.60 9.4 4 8,92 8.03 36196

E 8 2 10"*: 44,3y 1u'.07 4.95 9.46 39. 8.49 319
rC9 3 10.7 44'1 10.13 4d.22 9.s5 39.78 8.79 36,61

8 3 14 -. 74 44,71 1 0 .1e' 42.42 9.* 40Q.07 8.89 37,06

r98 5 10.41 45, 0 3 10.22 42.58 9.7 40.30 8.v 37,46
ea 8 10. 45,49 tQ'2t 42.85 9.71 40,48 9.g7 37,79

Or8 7 v 6 o . 4S.91 I0.58 43.26 9,7v 40.78 9.1' 38607
r[ E U 7. 1 4 6 ,2 3 1 0o , 0 4 3 , 7 S 9 .• 4 1 ,2 0 9 .2 0 3 5, 3 2

FEb 9 1 .1. 4,48 10.9 44.11 10.00 4106 9.28 385 I

Sixty deg: Page 19

U13



GOEATFR THAN OREAYER TNAN GREATEP THAN GQEATER TAjk

1.Sx 1fnEWPO6 1.5xilDEP'5 1.SxlnEnP-4 1.SxlnEYP'3

DAY
Of ?"E

YEAR i.oi:R TIME nlO 6O4IRS TIMF Oi/ wouRL TIME 0Din 'O', I T!ME C.- A

Fpr to j3.7? 57,26 i.68 %
7 .01 13.02 S4,24 11.87 49.47

-rl8TT 13.74 S7.26 03.69 .01 3.09 S4.54 . 49,93

FEb 12 j4.4A 60,10 13.71 $7,.I 13.07 54,88 12.)7 s0.30

rib 13 16.-1" 68,26 IS.M3 44.77 13.33 SSs4 12.14 50.59

?Eb 14 18.pa 75.19 i7.39 72.47 14.82 61,76 12.71 S0.87

FEB 19 49 7 A2 ~25?S 9 '13 79 .77; 17.23 71.So 123 51.47

rEB 16 ;q .50A n9.as '> . 8 A6 19.2' 80,15 12.79 532F

FB17 ;) .5 98.13 ;02,68 9 4 .s 21 .13 (6, DS 16.16 67,34
rE6 19 24 .0 A 100.00 114.00 InOOn 2p.97 95,70 1 .l 2u 7b ,4o

r" 19 74.0F 100.0o 74.00 1 m.0'0 24.00 100.00 20.77 66.56

rEB 20 7. .1 100.00 4.00 1f% !.l0n 24.00 100,00 22.44 93.51

rEo 21 ;4.0 100.00 74.OC JnC.Ofl 24.0( 100.00 24.00 tOO.On

rFb 22 >4.0. 10. 00 ". 0 1 V 90on 24.00 100.00 24.0U 100.00

F" 23 )4.0 1100.00 ;4.00 1n.0On 24.00 100.00 24.00 100. 0G"

69LaT E IMAN GAEAICM T mN GREAT¶E THAN GPLAI I 10lAh

I.5X1L.EXl-2 1.SxlOEXPvl 1.5xlExP.0 1.5xl.SxP*1 •

Ott 10 11.2u 46.61 10,65 44.37 10.09 42.03 9.j7 39,904

ttW"1I 11-25 46,.8 10,7c 44,57 15,1 42,29 9.47 39,40

FEE 12 11.3' 47 .b 10.74 44.76 10.20 42.50 9.56 39,84

•tfr3-- .145 47,71 10.64 4S.16 10.27 42,79 9.63 4C,13 -

FEb 4 1 1.S5 46,14 10.94 45.60 10.36 43,16 9.69 40,39

vt- T9 11.63 4f45 11,05 46,04 0.4? 43163 9,78 40,7

rFE 16 11,69 48,69 11.03 46.36 l0,57 44,g5 9,87 41,11

-lrTu1- ¶1.74 48,91 11.18 46,59 10,64 44,2 9.97 41,56

FrE 18 11,84 49,34 il,24 46.63 10.69 44,4 IO.oe 41,93

IG; -- 11.98 49,93 21,34 47.25 10.70 44,92 10,14 42,23

FEB 20 12.1C 50,40 11.41 47.54 10,87 45s29 10.21 42,54

-r 8-g-n---- 12.17 50,72 11.53 46 .04 109 45,63 -10.31 42,95

FEb 22 12.22 50,92 11,61 48.39 11,05 461C4 10.39 43,27

v -23- 12.33 S1,56 11,67 48.63 11,13 46,38 10,I4 43,67

S t d

p-
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GO!at~t 'l4 EATEW TWAN GOCA"E' TM GREATEN ?tOAA

or ?WEpnim 'm /
moo-as TIME M10C UlijAS TImi alfl "0LIR5 TIME 0/C O05 TIECf

71 4 7.~ 110.00 ?4.00 inn.ort 24.00 100 .00a 14.00O 100.00

7KW 25 4f' 1000 40 n.r 24.OC 100.00c 24.00 100.00

7Cu 26 74.0O* Iqo.00 24.0n lf'f.0fl 24.00 100.00 2. 10

Pt-? g.' 97,S4 93.01 45.84 27.20 92.5S? 19.0fl $2.49

r~ 6 7.' 92.11 21.64 91).37 2A.S
7  65.72 15.77 65,71

rAW 2I* ;1 . 1 ,44 ý.07 A 5. 61 18.6? 70,41 135.4A S6. A

uA K 2 ) ~ ~.51 76 .92 .8.38 7h.S7 16.76 69,81 13. 4 Y 56.22

7t A o 4 72.24 16.61 A914 14.98 62.44 j~ 65

4 3 R 59 5
4  

43 14.84 61,65 13. 60 S7.02

uW A* 9 15.40 644.56 45.44 A 4.33 14.90 ,0574

" A 6 157.' 45.60 q5*6m A5.34 14.9A 62#34 13 . 86 57.631

W* 7 S.99J A%.fis ,5.92 A6 .3r) 15,4 62.69 13.94 56. 09

win a S.*90 46,64 45.93 46.37 15.10 63t24 13.99 56.2m

P'A VI is.94 66,64 .5.93 A6.39 15.29 63.71 14.10 58.77

GWC*Tk.N IMAN GEACIEtJ Tm&N GREATtH TMAPN GREATEN 7I'&P

1Sa0EA021. 5)d0 E X P1 1.5x IOCXP*0 1.Sx lOEXPO-i

ir[ 2' 12.
4 L. 51.6 11.77 49,04 11.20 46.66 110.b7 44,04

rE8 25 12.4' 51.62 111d6 49.42 11.31 47,13 10,04 44,34

fEv 26 12.49 52,06 t1, 92 49.60 11.39 4).46 to. I 44179

r(9 27 1?.51 52,43 12.00 499 114 476 10.84 45,16

tEv 26 12.86 32,710 12.09 50.16 11.5' 45,10 10.91 4S,46

,'AR I S2 3.21, 1.2.Is S0,74 11.62 481 4 3  109 465,76

PAP 2 ¶2.8' 53,61 12. S0 51.28 11.75 46,9S 11,.08 4.16

39 1.3 5~S 51.61 11 .85 41016 i.0 46,62

PAR 3 129 53.87 12.' 18 1~ 49,64 It dy 47,05

1.R 3.06  54,42 12,48 52.01 11.96 49,65 11:37 47:38

P AR 6 0..20 54, 9V 1 2. 58 S2.40 12.03 So f 3 11.44 47,65

P-Ai m 6 33 s55,4 -.2. 533.05 12,17 S0,71 11,49 47,49

PA 7 8 3,31 #&,6 S2'3,50 12 .29 91,22 11.62 48,41

MA 9 13.4s 56,04 2,1 53.80 12,Jb 1 5  ~ 1,4 69

4"-
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Go[A?tR ?MANJ GREATER TWAN QREAATR THAN GREATER ?TNAK

1.5x10EWpq6 1.5xiollpes 1.5x10IUp*4 1s1EP

DAY

YEAR 1401115 TIME 010 mOURS TIME 0.'O "OURS 71ME 0,0 MUS T"CCO

miii 10 1S9 A6.64 j9,94 66.di I5.3' 64v06 14.24 93

wrrf-3TW 16.49 49.72 i6i.42 6S.41 15.44 64sUf 14.34 59.75

mi 2 t.~ 66.72 16.42 6a.43 15.52 64.46 14.41 60.04

"&a 12 16.49 6 . 3 6 4 66.46 15.67 65 029 14.47 60 .28

NAN 14 1S.?0 75,05 11.,15 71.45 i.' 67,33 14.5k 6.365

Mwira r p70. 01 93,37 191 79.69 16 .1S 67,46 14,73 61.96

PAR &G 22.19 '2.42 91.29 66.72 16.72 7.9 61'

MEWZ7 4.0 10.0 ~ .l '64n 2~.3 7,19 15.11 62,94

PEW -IT P4.00 100.00 24.00 190.00 2o.93 95 3 16.69 49 1S4

VyWrv- 74.00 10 0.00 40 0 lfto.00 24.00 to0,0 D9o8 615

m* 2 4.00 100.0 24.00 1I00 24.00 100.00 21.41 69,20

m&Rr 20 14.00 100,0 200 0 0000 24.00 100.00 22.7' 49

"wa 22 74.0n 1oo,00 24.00 100.00 24.00 100.00 24.00 100.00

WIRT 7 4.0 10.0 74.00 100.00 24.00 10.0 200 0,0

GAEATER THAN GREATER TmAN GREATER TMAN GREATEN ?"AN

1.5x IDCxrs
2  1.5xlOilpmI 1.SXlOCIP~o 1.5X 1 .OCXO-t'

*AN 10 11.49 56,20 129 S4.00 12.44 S1,61 11.83 49,25

w1*11- 13.61 S6,72 ia.99 94,14 3.2.46 51,99 11.90 49,58

P.AR 12 13.75 57,50 13.1s 54.78 12-S7 52#39 11.'96 49,83

P"V a is-.5 97,71 13.26 95521 127 5i3,01 12,0 P-6,1li

Af 14 1391eo 3,37 s5,7i 12.Is 53,45 12:11 50,70

NAis 92143 58,00 j3,7 97g 131947 12 2? S1,174

wgW1 1.4 6rs 11.62 9s,97 1.26 9
5 3 

026 25

so 2 i . 6,30 13, 47 S6,14 1 2-95 5 ,6 12 .b72 153 9
-r?7 74 6 5 , '~5 . g 9 1 3 . 42 S 4, 3 6 1 2 .4 2 5 3 , S3
wA ~~6 22la 1 S2,94,95 .7 3 535 , 7 2

r a r i ? -7 ,S 61. 49& 94 1 59 8 .7 13. 53 56 77 12 0ve 54,10

Sixty deg: Page 22
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GCP~FIIr THA'N WAATER TWAN GREATER TMA% GREATER TOAK

1.SX I~CYP*6 1.5X1nCEP
9S 1.5,4flCxPe 1.Sx IOExP03

D AY

OF A I E .01ilS TIME Ole bIOURS TI~t 010 HOURS TIME 0 /0 HOURS T!NE 0/0

~A 4 740 000 4,00 100.00 14.00 100,00 24.00 100.000

PAN 23 740 4.00 1 00 .041000 24.00 100100 24.CO 100.000

"HAw 29 74.~ 100 40 ~ .f 4.00 100.00 24.00 100.00

AM :7 a40 10.0 '>4.00 140400- 24.00 100#00 22.46 35

PAW 26 00Of 10.0 3.92 99.45 22.07 95,24 19.99 63,30

PA W 2 9 2 4. 7 1 t o ,4 .0 02 9 2 -T o f i 1 s a l e s 1 6. 2 0 7 4

H0A X 2 9 72 7 69 .1 4 72 2 06 .77 19 .1 7 79 .9 0 16 .21 7 . VS

HA 3 9*67 82.79 it.16 79.65 179 74.77 14.2S 76

"An 31 j7d 7,0 16.460 P 7. 63 17.7' 73,90 14.40 60,32

APR 2 j8:74 78,10 166 77.06 17.86 74.49 16.S3 466

AP 92' 601 19.17 79.67 16.02 75,16 166 69.31

API 3 j9.2 80.10 i9.17  ?9.89 16.1' 75.S9 14.71 69,61

AP OM 4 19 . 2 6 60 , 1 8 19 .1 8 7 9. 9 1 16 R4 7 5 , 99 1 6 7 69 t9 6

API 6 i t 249 61 .22 19 4 3 6 0,94 if 7 6 7 1 6. 9 67 0 6

GGIEATLM THAN GREATER' THAN GREATER THAN GREAfEw THAt,

1.5x1flCXPv
2  1. Sx10OEX 609. 1.SxlocKP*0 1. Sx 10 , XO-t

PAO 24 149 62,22 142. S9.38 13.69 S7,04 13.08 34,S1

HA 5 1.0124 4. 3 1 99.79 13.79 S7,44 13,16 34,02

HoA 0 26 1S.11 62.97 14,46 60.24 13.87 5,g 13.33 55,14

HAR 27 IS.17 63,21 14,5 0.4 140 56,301. ~ 5,3

HA3 2 1.2 ,42 14.66 41.06 14.11 S8,76 13,45 540

PATM 29 is.31 3,w 14.71 61.30 14.16 ,0 35 44

HM 0 1.4 44,41 147 41.40 14.23 59,27 13,63 34,60

HAw 31 15.46 449 649 2*25 14.32 59,47 J3,70 97,07

APN I 1.8 6 05,2 b 15,07 62.76 14.41 03 3' 73

6P6 5,4V 05.15 63.13 14.bg 60,77 131vo 97491

*pw 3 i.8 ~ 45, j91.21 63.37 14.66 6,9 1.1 58,75

APM 4 69 6,54 16.2 s 63.55 14. 71 61,31 14.10 5,7

Ap m 4 vp 9 7 67 .0 2 15,42 64.27 14. 70 61,60 14 1 59,04

APO 6 16.17 67t36 1S.SS 64,$1 1442,4 14.9d3

Sixty deq7: Page 23



antATEm THAN 66[ACR THAN GRC*UtR ?MAN GREATER TfA

DAY

or v m MO ORSi TIur 0 1 OUR S I I MI 0 10 MO)URS ? ? me 0 00 $wOURS li mt t ic

APR 7 19.74 @2,26 10.67 A1.97 18.55 77o 31 17.08 71.16

-z---r j,74 slot& 19.66 61.99 18.67 77,81 17.1? 71,96

APW 9 09.99  81,30 19.92 93.02 16.61 78#3? 17.26 71-94

$i4.1. 2.2 ~ 34 20.17 84.09 16.96 79,08 17.40 724

PPM .1 64,34 20.1' 64.07 19.12 796 17.54 M09o

APIR 12 Sii 6. 04 20.44 65.16 19.30 60.41 17.69 73,34

aPA 13 P3.13 96.36 21-84 90.99 19.63 62,1 76 7,1

74 1 4.0e 100.00 24.00 100.00 20.5' 59 j7,95 74,76

APR is 24.00 100,00 P 4. 00 100.00 23.20 96.66 16.16 7,6

Siur Is 74.00 100.00 74,00 100.00 24.00 1001.00 18.97 ?7,37

AP 7 74.00 100400 74.00 100.00 24.00 100,00 20.03 $3,45

A PW -1S 74.0 A 100,00 24,00 100.00 24.00 100.00 21.8 09

PP 19 7'0 100 a. 00 14,00 100.00 24.00 100,00 23.34 97,23

APR 29 24.00 100.00 74.00 1 AD .0on 24.00 too .o n 24 .j06 100.00

OQdCATEm TMAN aREA!ER THAN GREATER ?MtAN GREAIE! 7NAPk

l.5xI0EXPm2 1.SxIOCXPsI 1.SxlOEIP*0 1. .5xloExP.1.

APR 7 j6.22 67,60 05,64 65,18 15.00 62,75 14,34 99,75

*IP 16j.3
4  6e.07 19.70 65.43 1561' 65,09 14,47 60@20

&FIR 9 16.49 68,72 IS."9 85.60 15.20 63,36 14,56 Gg,69

Tp-I-1.0 69,10 is9,1 66.30 I5.30 6J,73 14.64 61,01

ikp''11 16.605 69,51 16.05 66,86 15.40 14i 4.71 :2

0.17 j679 69,94 14.10 61,24 19.53 ".'i1 14.U'd 6L,74

£9w1 3 169 70,17 16,20 67.51 15,62 65#09 14,1I 62,1'

ApR- -Is 17 .04 70.98 j4.33 efl.cs 15.69 65136 15,02 26

APR to 17 .1' 714 16.42 66,40 15.00 65,65 15.11 62,95

717r- 16 17.25 710 165 68,96 15.89 66,23 lb,. 1 63,29

APR 17 j7.37 7 2 s3j 16.64 69.34 16.00 66,66 Is5, 3 63,74

-i-,t----1S- 17.52 73,101 14,75 69.79 16.10 67,'19 I5s6s 64,09

4411 it j7 65 73,5? 16,86 70.26 16.19 67,46 15,48 64,49

-rp4r-70,V 17.76 73,00 16,94 70.60 16.31 67,99 15,57 64.09

Sixty deg: Poge 24

lip



I%.

G0CA~rR4 T'.am GREATER~ T"Ah GREATER ?MAN4 GSEATER Twit.
(. 1. 5x 1W . . .xOCXP-. Sxl10fNP94 1.5X 0oX.O3

DAY~

"YEAR wO-'R TIME An0 %Cols TIper oin NOUPS TIME O/A wollus TIME Pic

ApI' 21 -34.0n 100.00 P4 ,00 240.0m 24. 00 100100 24.00 Ic00.00

APw 22 4 .or% 100.00 24,00 100.01) 24.00 100100 24.00 100.00
APR 23 14. 0. 100.00 24.001 1 M0.0Of 24.00 100.00 24.00 100.00
APO 24 '34. 0 100.00 26.00 1 mo0 on 24.00 100.00 24.00 1a00. 00
Apq 2 ; ". 0 100.00 ;)4.00 1 00.00 26.00 100.00 24.00 100.00
APO 26 ')4.. m 100.0 p4.0 0 1 m 0- 0 24.,0p 100.00 19.87 82.79

APO 27 -)'.0o Ila0.00o 14.00 100 a.0a0 24 .0 r 10 0.t00 19.76 82.33
AP.' 26 '4 n r 100. 00 ;14 .00 100 n. 0 2..44 97.66 19.84 e2.66

A09 29 '54 n" 1110.00 74.0 OP I m - an 24. 00 100.00 19.95 R3.12
A PQ 30 '34.0- 20.0 14 .0 P 1% . a # 24. 00 100.00 20.12 83,07
-AY I 3 I'. 1 30 .0 74. 00 1 mn. 0 24.011 100.00 2 0 .A A4.62

PeA Y 2 7 . 0- 1in. 00 74. 00 1 0 Ao 2 4.00n 100.00 20.41 9S.22
"A" .3 ''fl 10.0 14,00 1"." 2.0 100.00 20.6s 86.0;

toA Y 4 ')4r.: I in,f n 2 4.0onI0 1(0 -0 24 .0r 100.00 20.6'5 86.86

.a-L T1 IrA' (AT[Es TNAN QLkITLw THAN; G&ATItm TI.Ah

1. Sx • &P-2. Sx1CEXP-1 1.SxluIOxo4 1 Sx 1"i-Ey

Ap' 21 ýa 7.a 71 .12 16 .4L 60.33 15 6 d
APR 22 7!." . 117.10 71.0 .4. ,0 .. 6.69 10.,)

APO 23 M 7n0, SY .IJu 7d.09 16.0 5 6Y.16 15.06 !.09

APO 24 M 0" Ieý. o 17.4u 7j.04A 16.7L 9 ,0';9 4 t0.V1 60.09
APlm 25 io5 7,t.3V 17.47 72 . so 16.01 70.00 41.0j 116.01

AP.p 26 7 1 74 0 1 .) 74. 3. 17 ."1 1.019 t9.- 6. 07

APR 29 Pi.m" 7N.Os0 t 1Or 74o. 1 17.21 
7 1.

7 3 19.41 60,.9

ApQ 10 1 m 9 76.mu Ia.03 7Tb.0 2I4.0.3 I1.19 Ia0.." 60,73

WAY I 1v .. • 15.0 75.64 37.41 /00.00 4 0.2 V 6.I6

•.K.loA M 29 • 7n.vl d1. i 762., 1 17. 4C 71.as Ia. / 6Y,6i

mAY 3 5, ° .l 'i, 9 76.64 17 . Si 73 iso 16 ./ M 1 7 ,q 0

P. A Y 4 1,0 4 m r 9/ Mn 4? 7 7a, 9 S7 % 7, 4 13.t, 6 76 O 70, 7

I''

•.'3
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GGEATFIR TAN GREA
TER THAN QRCATER THAN GREA

TER I-Ak_

1.SX I ntYP6 1.Sx ICEXPfS 1.5xICEXPw4 1.5x10XPw3

DAY
Cf THE N0 US I TIME /O_

YEAG mOiiRS TIME 010 HOURS TIME oio HOURS TIME 0sO

MAY $ 94.00 100.00 ?4.00 100.0n 24.00 100.00 21.02 678,$

vriT-- - 74.00 100.00 ;4.00 100.00 24.00 £006.0 21.25 8.55

MAY 7 24.00 100.00 74.00 100.00 24.00 100,00 21.45 09.16

f :P4.00 100.00 74.00 inO.O0 24.00 100.00 21.70 90.44

wAY 9 74.0. 100.00 74,00 1000.0 24.00 100,0o 21.9s 91.44
o7Y 90 24.00 100.00 700.00.00 2000 22.26 92.76

PAY 11 74.00 £00.00 74.00 100.00 24.00 100,00 22.59 94.11
Y 12 74.00 100.00 94.00 110.00 ; 100.00 23.06 96.10

mAY 12 4 .0On Iq0. ,0 ?4.00 In.0on 24.00 10.O00 24.00 100.00
PAY 13 94.0n 100.00 24.00 1nO.O, 24.00 100.00 24.00 100.00
MAY 1. 4.0 ln0.000 Ps 1400 10 •0.00 24.00 100.00 -.
• 16 74.0' 100,00 74.00 1n0.00 24.00 10,.00 24.00 100.00
PAY 1 974. 0 1m0.00 94.00 100.00 24.00 o00,00 24.00 100.00
MAy Is P or, 100,00 24.00 100.00 24.00 100.00 24.00 100.00

G NLATE& M'AN (REAIEN THAN GREATCN T'Aw AE"' TIAA
X.Sx It.Exp-2 1.Sx 10EXPv1 1.5x 10EXP*0 1.5x io0xF*1

PAY s 1 9 .50 81,50 18.
5 9  77.46 .7.64 74,31 16,9 9,65 7."

rY " 6 19.73 a2,21 46,7b 
7 8.11 17.9i 74,0S 17,05 7 1,0

7AY 7 19.8? 0 2 ,7V 18606 78.59 17.9V 74,V7 17.16 71.51

.,1" 8 YV@ 63,2b 10,'9 78.94 16.10 76,42 0 7.s 7d,95 .-

MAY 9 7o. 1 83,94 19.06 79.41 18.24 76174 77.260
rY- .10 70.32 S,6! j9,21 80.03 16,34 76,43 , 72,60

MAY I1 o. 4 es,16 19,3 60.ss 18.42 78,76 77.13
1AY 12 ?0.S9 05,60 j9.4 60.95 18.51 77,12 17,10 73,33

MAY 13 20,79 96,60 .9.54 01.42 18.62 77.57 17.71 73,80
to A ?0.93 67,2 19 6U 68.00 18.7b to 11 17.00 74,19

MAY 19 •,2.11 7,96 19,81 82.56 18.8b 76,# 17.to g4,50

%A Y 15 71.37 66, • •9,92 62.98 1..
9  0,86 17 .V 74.79

MAY 17 21.5.i 69,6/ 20,04 8J.50 19.02 7'.,? 18o06 7•,1.

"-wr?-1 75 9c 6i 20.17 A4,04 19.12 79,67 I1.13 75,!4

Sixty deg: Page 26
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r,:;EaTrd TDOA' no[&TrR Tw&N G9CFR~ ?T4AP. GQgATIEN TOOh

1.5xi'E;P 1.SY ISEVP-5 i.sxtorl(P-4 .xPY-

YEAQ ' TImr m/ .6ll TIMF II moi'As T14E 0/0 In~ T14 rU'

& Y 19 74.0- 1A i.na0 24. 00 jn:.0n 24.00 2.00.00 24. It' 100.O0l
,,20 on if.00 n . o 1 0 .0 A 24.OP 10 0.t00 24. C.0 V, n .00

Sixty deg: Page 27



PART 8: COMPUTATIONS FOR THE MC 'S AND SUN'S

POSITIONS IN THE SKY

The useful illumination*' provided by the moon on a point on the surface of the

earth is determined by the phase of the moon, the zenith distance of the moon,

and the zenith distance of the sun. These three quantities vary with time accordir.g

to the motions of the sun and moon on the celestial sphere with respect to the

zenith. Their paths in the sky are defined by the relative positions of their

orbits, their positions in their orbits, and the rates of change of position along

their orbits. The motion of the observer's zenith is governed by the earth's
S•~ot ation.

The moon moves, and the sun can be considered to move in nearly circular

orbits around the earth. The orbits are inclined to the equator and the nodes,
their in.tersections with the celestial equator, move at essentially a constant
rate along the equator with respect to the fixed stars. The rotation of the earth •

will display to different observers at different geographical longitudes but the

same latitude, different relative positions of the sun and the moon with respect

to the zenith because of the relative motion of the sun and moon in the time

elapsed to bring them from the sky of one observer to the other's.

"This section specifically ignores rerraction szi6dUoi-n.
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DEFIN~ITION4S

The desi-ed quantities are:

co = Phase of the moon

Zm = Zenith distance of the moon

Zs = Zenith distance of the sun

The parameters chosen to specify these quantities ape:

t = Time

X = Observer's latitude

4 = Observer's longituwe

Constants for the orbits (see Fig. 18) are:

i -Inclination of the sun's "orbit" (the ecliptic) to che
equator. This was equal to 23V 26' 40" in 1960.

i2 Inclination of the moon's orbit to the ecliptic (varying
with time from 4P 59' to 50 18'); the mean value of V0 8'

is taken here.

Variables defining the important motions are (from. Fig. 18):

* = Longitude of the sun from the vernal equinox (T); i.e.,
from the ascending node of the sun's orbit with the equator.

* = Longitude of the moon from the ascending node of its orbit

with the ecliptic.

v = Longitude of the ascending node of the moon's orbit from T.

* = Right ascension of the observer's zenith from T

Assuning circular orbits, these variables change uniformly with time:

o = 0o + 2r," (t-t 0 )/T 5
* = 11 + 2?r kt-t )/Tm

0 0 m= vo- 2rr (t-to )/Tn

az = t + 2n (t-to)/Td

J hr
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"8. yr Pole Of ecliptic
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,,.Moon's orb it . -•..._

II

FIGURE 18 Celestial Sphere Showing Lunar Phase ¢ and Zenith Distances
of Sun and Moon
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For zero values of o0 , •o' re' and J., zero time (t-o) correspcnds to noon at

the Greenwich meridian on March 21, with a new moon and the maximum inclination
of the lunar orbit. For the solar eclipse on May 20, 1966, at Greenwich (t = 0), f

G - 58.84

40 0

0 00

to 7:50 a.m.

The values of the periods are:

T = The tropical (civil) year, the time between two successi,.•e
passages of the sun through the vernal equinox,

= 3.155692598 x 107 sec

Tm= The nodical month, the time between two successive, passages
of the -moon through the same node,

= 2.3511358 x 106 sec

Tn = The period of regression of the noles, the time for one
revolution of the lunar orbit pole around the pole of the

ecliptic,

= 5.8696 x 106 sec

= 18.6000 tropical years

Td = The sidereal day, the time between two successive passages
of a fixed star through the meridian,

r
= 8.6164099 x 10 4 sec

The rate of precession of the celestial pole around the pole of the ecliptic
is presently one revolution in 2S,781 years and is neglected in our calculations.

The asstuptions of circular orbits for the sun (eccentricity e = 0.016739) and
fcr the moon (e 0.05490) leads to maximum errors in their positions of 1.9 -

3.8 deg and 6.3 - 12.6 deg respectively, dependirng upcn the posirion in the
elliptical orbit at which the c'rcular approximation is started.

Three interesting harmonicism.s exist between the moon and the sun, with
periods all between 18 and 19 years. These ame the following:

Saros: The period of rec'ur-ence of eclipses = '18 years,
!1-'/3 days;

223 synodic months (from conjuretion to
conjunction) = 6535.32d

19 eclipse years (time for sun to piss froom a

lunar-orbit node to the sare node again. 349.62d)
= "S85. 7S.o

239 An-nalistic months (from perigee to

pericee) 6'59S.s4d

-:I



Metonic Cycle: The period of recurrence of the phases of the

moon on the same day of the month;

235 synodic months = 6939.69d

19 Julian years (365.25d) = 6939.75d

"Period of Regression of Nodes: 18.600G yr = 6793.5d

DESCRIPTION OF CALCULATIONS

I. Declination and right a~cension of the sun are found with the following

equations:

s = sin- (sin c sin il)

s sin o Cos il.,sin •S - 6s cos 6s

COS Cos

con 65

The sians of sin a and cos as will give the proper quadrant f -r the angle
5a .

III. The following equations ire used in the computation of the declination of
the ascending node:

6n z sin- (sin v sin 11)

sin 'I sin v cos

"COS% COS V
n Cs --

n

III. The azimuth of the vernal equinox from the ascending node, the angle AZn,

is found from the following equations:

sin AZ = Cos i0• n
n

-cos -V sin 6 n
sin v cos 6

The angle used in the computations of the coordinates of -he moon is the
axgle AZm, i.e., the azimuth of the moon from the ascending node:

AZm A21 - - i2, when an i5 positive.

AZm = AZ" - i. when a._ is negative.
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IV. The moon's right ascension and declination are found with these equations:

6-n sin"I (sin 6n cos 1 + cos 6n sin p cos AZ) M

am z•n + an

sin AZ, sin p
sinafW• = C3 6im

CO p - Si6n sin 6m

COS amn cos 6n cos 6m

V. The coordinates of the zenith are as follows: )
6z= Latitude of Observer, k

z = + 2 "----
Td

VI. The zenith distance of the moon, Zm, is found from: I

Zm = cos- (sin 6 s sin 6 z + cos 6s cos 6z cos (Cz " as))

The zenith distance of the sun, Z., is found from:

ZS = Cos- (sin 6 m sin 6z + cos 6M cos 6z coS (am " z)

The great circle distance from the sun to the moon, •, is found from:

Co02 1  (sin 6S sin 5m + cos 6 cos m cos (am -as))
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INTRODUCTION

It is the paue of these chai.s to Bureau of Standards before asd after the

1ewvlds the Armed Forces with coevenient measurements were made. The brightness
and rapid cmess to ttu latest scietific photometers wete calibrated by the Nels
information available on hot"wl iluminaitaon. Peirk Laboratory of the General Electric
For clear days and cear moonleas nights, Company.
the illuminutioa in foot-candles falling 0n a The original data were plotted at large
fully exposed horzoal plane " tay point scale and a smooth curve was drawn. This
s th 5, at "I dy of the year. and at basic curve was found to be Is odagree-

any hbo of the day ot night, can be found ment with fractional curves published in the
quickly and simply. This informatioe is of scientific literatur by Jones and Coodit*
prime imptace in 'answering questions endothers.

.f relatisg to reconnarismace, visibilit7, con- The first plate (unnumbered) is the basic
cealment, and other naval and military curve which gives the illumination as a
problems. Because o the coridendal nure function of solar altitude. The second plate
of many of the paoflems, lhsmtrtioaa tnd (also unnumbered) is a table of illumination
e amples of the me od this cmteri.l W t values corresponding to each degree of
he published under aierte o . altitude of sun from - 90 to - 21 degrees and

0erivstioe of Basic Curve id Takble. from 65 to 90 degrees. Illumination values
More than 12.000 messurementa were made are given for each tenth of degree of solar
by the author in the Arctic, Antarctic, and altitude from - 2D to 64 degrees. In most
the tomperate and torrid zones of both bemi. cases, the figures gives we represeotative
spheres between January 1943 and May 1947. of the precision indicated; however, in the
Photoelectric illuminometers manufactured lowest levels of illumination, below 3 i 10°*
"by the General Electric Company were used (when the 3un is 19.5 degrees or more below
for the meaurement of Light levels above the horizon), three signdicaat figures as not
one fool candle. Lower levels were measured justified by the data. Ukewise, above 1O00-
by means of a Luckiesh-Taylor Brightness foot candles (9.9 degrees solar altitude
Meter and a calibrated test plate. The and sbove) the value of illumination is
illuaonometers were calibrated by toe U.S. considered significat to n moe then three

figures although four are occasionally given

"Lloyd A. Jones and H.R. Condit. J. Opt.
Soc. AM. 38, 139,(948)

EQUATION of TIME

JAN FEa. 101. A". MAY JUNE -JY SEPT. .OCT KC

a20 1. a as a a a

- - j , .* - - -

~~~~- - - - - - - - ------------- -•----J:* "'' -- • -- -----
- , ~ ;- . - - - -,.- - - ' -
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In the table. Actually, the vales given is charsctearitics of illumination peculiar to
the table wuse taokes fto a minute iwading latitude cap be roted.
of the basic cuar. pesay eslagti in ae. Ploaes, tE"h
and present a tuie picture of the arr thn pair of the" chart r a y o

could be madet by affair,01 interpolaties O the "at a indicated by the declination at
doe table bad only two or d s figestJ been the tap of the page. The illmeailetic 'm
gives. shows as a atinuous fnctln of latitod&.

Platie I to 17. inclusive - Latitude each curve rerpeaenting a given hou of the
&za Each plate in this series applies to a day. This series of curves. which deri 'e
given latitude as shown is *he sgle fimpge from the same data previously described, is
at the top of the plate. Esch plate conta•ns presented in this second fors primarily to
"a family of curves. each curve mpiresetinsg allow direct reading of illumisatico values
"a give. day of any year when the declination at any latitude from one pole to the other
of the soe is as indicated on the curve. In for a series of days througbout the year.
this "Latitude Series" the Illumination is jecjeatig, and Time. The "4aximate
plotted continuously as a functioa of time declintion may be otained fromn the grph
from Midnight to noon and applies coovernely here illustrated for a mean vwetr (Figure 2). [from ioor. to midnight as indicated oan the More accurate declinations are given intime scale. Plates were constructed after nautical almanacs. The same holds true for
tabulating 33,500 solar altitude values and the equation of time. Ali hours given ae mfor

33.500 correpondieg values of the illumine- Local Apparent Time, sometimes called True
tion. Theme values were plotted for each 20 Sun Time. Conversion of clock or standard
minutes of fine and curves drawn thiough. time to Local Appaemnt Time is made as
After careful check of the plotted points, the follows:
final curves and inking were accomplished
by Mr. Hlenry Everett of Waahinguon, D.C. To standard time, add equation of time,

algebraically (add using s•ip give&). To this
Inspection of the latitude series clearly total add 4 minutes for each degree your

illustrates the sameness of the light at the location may be East of the meridian af the
equator iAy after day, throughout the year Lius zone in which you are located. (Time
sameness both as to time of occurrence and zone meridians are spaced every 15 degrees
to range of intensity. As one pfreeestes from Greenwich). Or subtract 4 minutes for
away from the equator into the lower lati- every degree your location may be West of
tudes of the temperate zones, the 1o1t the zone meridian. In case you are on Day-
significant change from day to day is seen light Saving Time, you will subtract another
to be in the tiae Of occurrence of the normal hour to obtain local apparent time. Example:
light distribution for that latitude. However, Assume ynu wish the true sun time (local
as one leaves the tropics a perceptible rise apparent time) for a place 73 degrees West
and fall in the noon intensity is found to Longitude on June 3, when Eastern Standard
occur from day to day. This becomes progres- Time according to your watch is 13:4,5.
sively more noticeable l1 the way -3 the
Poles. The rate of change from stArlght to a Standard Time ................ 13:45
dazzling light in the early mor0ing ui the Equation of Time for June 3 .r.
equator is contrasted in this series with the Total (true ann time at zone naridia) .13:47
very slow changes which ocur in any one T
calendar day In the polar regions. Other 75 degrees minus 73 degrees equals 2

DECLINATION of SUN
JAN. Psh. MN5. APR. MAY iUNC JULY AM. SEPT. OCT. NOV C,.C

- - . ' - ----- ---- ---

q *'nznz6i 11 2 q 1!zi
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FtMT GUM K or3 o

degreet~~~~~~~~~~~~~~~~1 (n.oJere ato eiin hrfrt siaeteilmnto

2 degees ultiliedby 4 ninues O S ceat nght ith fuM F'non deemn

Terue Suno.o Ti e s (Lc easet ofime),i13:55 valereoe toesfmt the illuminati uetos n pu

TrueSunTim (Loal ppaent ime. 1:55skylight (for the same altitude) in the basic
Clear vs. Clpdy.Condtions. The chants solar alt~itude-illumination curve and multiply

adtbeA rirefer to Light this value by three-millionths (3 x 10-0).
conditions during average clear days, clear When the moon is not full, this value P
overcast and with the sun's rays unobstruc. fiur 3* wtuch gives the relative intensity
ted to the locality in question. When the sun o luiaina ucino
is obstructed by thin clouds, the values phase angle. Dete~mine the phase angle by
given should be divided by two. For average observation or prefefab~y from the Nautical
cloud conditions o'bstructing the sun's rays, Almanac and from the graph (figure 3) obtain
the values given for clear days should be the relative intensity of the illumination, 0
divided by three. Occasionally, for dark Divide this number by 1000 and mulLuply the
stratus clouds pteceding a heavy thunder value of the illumination for full moonlight
storm, the values given should be divided (obtaned as in the preceding paragraph) by
by ten. However, this is not common. the result.

Influence of the Moon, The illumination It is the hope of the author that these
due to the moon may be estimated roughly charts and tables may prove of value to
from its altitude &no phase in the following oceanographw.rrs, meteorologists, photogra-
manner. When the altitude of a full 'noon phers, agriculturalists, and other scientists
is 65 degreea on a clear night, the illumi- as well as tw naval and military personnel.
nation on a horizontal plane is approximately
0.03 foot-candles. When the Sun'a altitude ~~'
is 63 degrees, the illumination on a hon. DAYTON P.E. 550Th

zontal plane is 10,000 foot-candles. The CO.**ANDER U.S. AAVY

r&tio of full moonlight to sun Plus sky-light *I usl ~toiyia . 3 1
is then m.ughly 3 to 1.000,000. Other values ON usl srpyia . 3 1

A- 3



U

BASIC CURVE
ILLUMINATION IN FOOTCANDLES CORRESPONDING TO SUNS ALTITUDE
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INTRODUCTION CONSTRUCTION OF PLATES
It is the puarpoea of this hank to postsd the Anuem Foems with Preliminary wt drawing secia urve on the 43 Places, tables

ce, im so roW ntso to manljc isfmmlnasii avalaeble os wore maide of the. suns altitude (at seviry 20 minsosu of time, for
msairs-ia isialsumedoe. For clear days and dmaw mamshos sasalgb t111 each 2 degrose of declinersos nsfists 0 to 2314 degrees incelusive. and

average illumination is fociscsed falln cI I - a~l " I'd boil- for every 11dogree interival of latitcude fete= poler to poio. Theae
wooda plans at any point an the sutch, at saY dey of the year. and calculaticis stad plots wore precise to within 6 seconds of time
at may bouw of the day or saight. =0 be famedsa quickly and simply. and 6 iinutes of ean foe soler altituide end 6 mninutes of arc (at
This information is of paione iamporsteam in aeneweriag queestons latitsids. To te 34A32 values of altitude, corrsponsding illumination
reltating to visibility. aidWsela sasic det=Lh*G. reumaimný ý values wers talSUlaind and plotted. 06 Hence. tde curves appearing in
cxselmanst. and ocher caral and esilnsoy problemas, the places eam a amo precise indez of soler altstude assa fwsctclas of

Natural illumlinatcio clseste a greas influ@nce on the esmmm time arid place thun they are for ill-e..micaiss attendant oa chose atid.
of all living things - pleats. fiishm. birds. end animals - including tudes. It follows than. wahether or aso we -ep - the pirocissosciao light
the livr and habits of uss.. to is hoped. thetraforw, that these cheatsm values finally assigned to the basic cut"v and to table 1. we can usa
owd tables may pro"e of veisa. to seen of science. egrklcuitte. end the ullumination cumv for a given dame tine, and place on nay ap-
industry as wall us to frivel end military perNtsoneL. propite placs wo determine the solar sltirudliL Or. given a solar

altitude at a place, the precise time of occurrence' of that solar elti-
suds can be reed on any of the appropriate places. We cannot say,
with the alms degres of procisioc that for a gsven time said place

DERIVATION OF BASIC ILLUMINATION the illuminnatic. will be such ansd isuch.

CURVE AND TABLE I L A. *so cand H. L C~ota -Suanlghgl sad Skylight as Devermautant

Mort than 12.000 ullumnination mnessurensant were roade by of Pbtoesi Expoeria. I - .um'aoos Deoesy s Doeormanised by Solar

theasho, o ude hi spevison i th Actc.Antarctic. Attdad Atompbsr*e CoedtiooW Orissrd $ec..sy *I Amwsisv. lowat..
the uthr. t uder is upevisoru n te A ic.vol. 341. a*, 2. February 1941. P. 139.

the temperate sod torrid wone of both hemispheres between -fo sh covosa of classese ams faneime with the cosie-sodas of
January 1943 cad May 1947. Photoelicitric illsilmiano tors menu. negative psoeim we hiacldle, a brsie eaplaaasitios 5 X 10-6 tmesaS iX 1/(00P.
festured by the General Electric Company weren used fs the moss. aor I x 111~a0DAM at cAOrn likewissI x ta-3s eluai; 0.02. The tin of

urement of light levels abocve I Ic. Lower levels were mieasureid by eqstf-lwat salist below should prey. helpl.
meatis of brightness photomneters and a calibrated tost plate. The I X l06 Iar

G. E. Illuminomtruters and the Brien O'Brian low-level Brightnessu X a-2 =(Lot
Photometers used wore calibrated by the U. S. Bureau of Standards I Xl02a-s 0 .00l
before arid after the massauremants were made. The Luckiesh.Taylot I Xa-lo- ac4 we0.00
Brightness Photomeaters were calibrated by the Nola Perk Laboratory t X 10-6 64=001
of the General Electric Company. ~*The oLkalatioma. abated=%soad plea woer done. asder the direct

The original date were plotted on Large seayls and a smooth P'" d Ms. Itabor Seedbe. The 6" cuir~wi were dirast oesd iteha

curve wasi drawn. This basic curve was found to he in good agree, by Mr. Hess" 2ervesn.

meat wi,h fraictional curves published in she scientific licteratue
by )ones and Condit' and others

The basic curve (fig. 1) gaves the average illumination felling
on a fully exposed horizontal plane in air at me losol, as a function
of the sun's altituds. The average values from which the basic curve
was constructed were bassed upon a greet nuatnlor of so-called
perfectly clear days which. of necessity, could not he defined in
precise terms as tn their light-sbsorption sand light-ascatering proper-

'Aties. Consequently the basic curis is based upon data which had Is of time cr~o-votlosss ean used in the world! today.
variations of probably five to ten peictint due to differences in the ausaiceat have no clocks no measure or estimate time
atmosphere alone. Likewise the G. E. illum~inomeititrs and photon).- t;, the sun and wssr. Saudi Arabia keseps sun time and sets clocks
stert used contain certain limitations. wo that the rooter readings each day at sundown. Most conotries keep one time throughout
cannot be considertd more accurate then two significant figures. their domainl. In some countries clock time approximatses sun time
Against this it should be noted that the basic curve itself smoothed but in other csjuncries there itre arms in which clocks differ from
out much of the iniaccuracy arising from the two factors just men. the sun time by an hour or more. Since the charts in this book ere
tioned and asot the final curves provided a basis for additional based on true sun time, some explanation is necessary. In the United P
corrections. The resultant basic curve, as presented, i: considered States. dock time end sun time can differ as much as two hours.
to be a reasonably accurate statement of the light attendant on atog h vrg ifrnei uhlw

"clea" cndiion. Acombnaton f dffeence inhat. iistnca Briefly. the conversion of clock time to local apparent time
of the earth from the sun, sun spoui, and other lesserr factors al~ i h ntdSaesamd sflos
gether should not make mose than a 10 per cent variation from
the values plotted on the basic curve. Table I gives values of ovorage
illumnat~zion in footrsodles corresponding to points on the basic Standard time plus 4 miniutes pee degree that a place is eate
curve. Values are tabulated for each degree of altm'ude of sun from of ius zone meridian equals means, solar time,
-90' to - 21 * and from 65' to 90*, and for each tenth of a degree o
from -20* to W4. In most cases, the values given arie representative Sadr iemns4mntsprdge htapaei o
of the internal precision indicated, however, in the lowest levels Sftanar time miiin suats minutesoper tiegret. lc sws
of illumination (below 5X 10',* when the sun is 19.5' or more ofi ne eidaeulss.slrtm.

-A helto., the horizon) three significant figures aret not justified by the Mean solar tirrio plus equation of time'i equals local apparent
dats. Likewise, above 1000 fc (9.9' solar altitude and above) the time (true sun time)i.
value of illumination is considered significant to rno more than
threte figures. rthhough four are occasionally given in the table. Daylight saving time (when it is in effect) minus I hour equals '

Actually, the valuer given in the toblo were taken from a minute standard time. N
reading of the basic curve, greatly oalerged in scale, sand present a 0 E4WsIWAs of iffe. may be enither a pitaiti- or negatiive qsas..ry. The
truer picture of the curve than could he made by straight incerpole. qa~snity tshouid bs. added ASibt..csli,, i..#. .,,no the appropriaei 6.6o.

tion of she table had only two or three figures been given. (So ee to sui tded Equation of Tniiu..

A-53



Intweraional Time. zone System Standairc Tia.n
The Interatilonal Tiane Zn..s Syte is a Very regular system Scoasidr tdme is the .meo as internationd limtu at an said in the
Is ideal fcr amas uoo &W and thes asr. H ase i is used by osa. ait because. for purposes of taaistgaio., the two oars cal wasne and
.8 sad asrucd astroiossangri she Woeald W~eis. This Wdeal eying their respective meridians have heen made identical However.

Ies h eat' sw ace int cretfour tooe m b Eanh it oher standard tlose sona n used for Land area at areas cootaessinS
toteSuhPlt henohsuhma ie of each sone As a ressalt of the itteguLatity. the time-refee.c rueardian selected[

Ilead the io~narra sal nu marlia.s of that tooa. The Inner. for a lead Was is often a mneridian Other then that designtsaed for the
-09 Tinier Zone Syseem. as defined by iotesmsioonlai agreemeat, iiesrnaricavad time moe io which the land aim lin. Fusrther~more, th

own in table 2. standard at legal time used in same countries be.s been bausead onThe fact that thoteseare other kinds of time tones and other the legal or standar time of a neighboring country rather than
tone meridiasi used on lead which are not aitsqi the M'-ne on its own central meridian. In such cases the standard meridianit regular insterpational time tones and meridians used at Le" for a country may lie ouutsde the country altogether.
la kds to some coolusion. We shiall attempt to clarify this issue. In the United States there are four standard time areas. Ea'h

arts. although verry irregular in size and &hape. uses the international
TABL 2.Intenatonaltim zonstone meridian lot its standard rimet meridian tfig. 2) and most ofTABL_2._nteratinalimeone each area lies within one of the international zones. The standard

Zone time tone meridians in the United States art:
Wantaln Esasern For Eastern Standard Time the standard meridian is 75* W. longitudeBousiary souaadeai Zain' Hour I&M For Central Standard Time the standard meridian is 9W~ W. longitudeV Long.) Ln el MetradiaG Danifas"oas D '"'assOn For Mosuntain Standard Time the standard meridian is 105' W .

*, 7. 1 £ Zero ZerO Z longitude
.55 32 ISE - A For Pacific Standard Time the standard meridian is 120'W. longitude

17S 37.5 30 -2
317S 3235 43 C I ,ioff le-4 twfoitisuas .~
32.3 67.5 60 -4 D

32.5 91.5 90 -6 in)

11.11 127.5 520 -e H

t23 14L53 133 las 1 l '(9
~42. t33 i30 -10 K a/

13,.3 E23 163£E -11 L
( 12 . t

172.31 172.5 W ISO "da and

,.5W 137.'V W63V +11 X WIIWf Mt I~ MA-~ 2":
13-.3 142.3 IS0 ý IS W
142.3 121.3 133 .9

P3 123 1.0 -, TU

113 9-.S 1 03 T-
$. 2.3 90 -6 S%

12.3 6'.) *3 -5 -5Fgr . i.z
52.5 ~Since the V. S. Its .i d tme toridians are 15 degrees sPart. h

2 23 5. 30 0 sun crosses successi-e meridians on iuccesuive hours. That is, the
- ~sun reaches its high-noon position at onec r'terlsdn after another.

Theman potio nIthe130 meidin mghtiii Inerntioaltaking 60 minutes of time to get from one standard zone meridianDTh Linw dcidasof the nor*mal iia marks tone tnto tneonalsi to the nexts one to westwara. Hence. all of the clocks in the Central
tinth sh..ng in. a.. lt., h b.. haun& di!1rrnt d.'ti ý''a -f Standard Time area will read, say 5. while the clocks irs the Eastern
[S0- ., will b. 0644 hour, Tuesday while 81s of W.V it .. [ a. Standard Time srea read 6 (one hour more), and the ciocks in

064 4 hours lonoda Each of thone senivonen hat a iette d-na- the Mountain Standard Time area read 4 (one hour lest).
n -inad an hour dhniena.on .l it on. the had .esraid

of the ISO' meridian is M and -12. thn half @ats-rd Of the
ISO, meridian aY and . 12 "t. ngmber dozienstutn ,s a too. Correction for Longitude
added alsebrtitsclli to the tone time gitet the Greenwich htandard
Time itims in tone 7.i. lor as~mPle Whet, it ;, lOt., hour, Many of the stsndard time ?ones of the w'orld. including three
'I A. NIi in tons N' on Satardat. 14 August. it it 0100 Plut I.' of the four in the United States. art more than W5 wtde. so that
or 1300 hour,i. ithe L too. Saturda,. 14 Augsitt At the tame* is takes the sun over an hour to cross each of these tones. Since all fint is 01010 hours in zone M Sunda,. 15 Au~Sul. than 0100 of the clocks in Any one tone or area keep the smie time, one can I.
hotursudat in Zone NImns1 orjlodul 0 or see that only a small percentage of (he clocks keep mean sun time. V 14

In order to anoid tattine ihsne~h any land atm. the Incg,. In the U. S. only the clocks on the standard time zone mertdians A
national Date Ltne. (hatr common bounda,,. does not Mala, keep mean sun time. On these, particular nitrsiduen international -. 4~follow the 1809 meridiat, and it. therefore,. no: tatifely ifs~ola zone time, standard time, and mean sun time are all alike. In eich
HtdroorntthK office Chart 3192, althousih not requiiredl treferetnce
lot use a iih I" Illumtination Charts. can be 'sty ht,1pl-. l. a standard time area or zone, clocks to the east are slow. or behind,
cause it esplain.s thn ie t-one .t,term and th.-, the mo mean sun t!me and clocks to the %eti are fast, or ahead of, mean P,
irsegularsthapet of the jone,, ithouShouit the world. sun t ime, because when the sun appears to rise to the people living IN

no.r
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-the clas so smeetidiaa., is has already bee. up socme tiant to
tePeople am of the imistiolaas sad it will be sosetm.es to ciome

befor, the main rim fat the peopile whot live wen of the matsisdla.
For echc dlegree of longitude that a plaeo irs am the slats assm marid-
an. this MMO m10111 time is (out Minutes motm than the clock. Foe

each dqerime a plaice Lit we. of the vaoe amaridlian. the comama solar
then is 4 minutest %Lower than the clock.

For examsple: Chatham. Massachusetts. and Philacslphia and
Pittiuhesgh, Pennsylvania., all lie int the same standardi time tone.
Tboic clocks all keep Easter Standard Time. The Eastern Standard
Time tone urseridian is 7, "7'. "sogirude. The approximate longi.
studies of the cities and corresponding Sntrae at one given ins~tanit
when a .a the clocks read 10, are as follows:

(z. Sun
Clock (mean solar
(EST) time)

C &hM. Mass, 70* W 1000 hours 1020 housa
P.'-(hi adelphia, Ps. 7$-W 1000 hours low0 hours
'it-burgh. Pa. so- W I 000 hours 0940 hours

11se 4 msinutm of timhe per do"re of longitude comaet about
i-i the following way: the rotation of the earth on its polar axis
is oonuiploatm approximately once eawry 24 boors The apparent
,-vii rK of the sun around the mearh au a whole -cnot around the
hsr,imn. bu.t aroussJ the earth -- it 360' ia 24 hours, which is 19*
per k- oar, or 1* every 4 minutes. Hence the sun travels relatively

u(" east to west acrosts hea earth's surface IS of longitude evoery
4Mi..-Stes cf tiame,

i~qutiati3n of Time
t'l-A~k-timin schedules assume that (1) evett d.v starts the

mormt, csfter midnsight. with the sun at its lowest point. (21 the sun
muses ith perfect regularity arosnd the sky every day of the year.
(3) the sun ret~ches the highest point in the sky mt noon each day by
the clock, And (41 every day has 24 hours of equal length. Actually.
enost of these assumrptions are not quite true. During the course
of a year's time, the sun goeu through four phases, two of slowing

down and two of speeding up. As a result of this irregularity. the

perfect sun time schedule su~ffers. The tardiness accumulates day

after day at one season, so that the true sun is nearly 14 minutes

behind its average schedule before it gets back to normal. Then it

again by a hit over 16 minutes. Consequently, a perfectly regular
clock, located on one of the tiine-zone meridians, wtll keep mean

solar time, hut this will dieffer from true solar time by arty amount
up to 16 minutes during the course of a year. l

As Stated previously, the average or mean sun Schedule gives
mean solar time., arid most rame zones use the mean bolar time of
the zone meridians for their tone time. To adjust for the irtegu.

iar~ty in the sun's schedule, a number of minutes, known AS the
equation of time, is introduced. By definition, the equation of time
is that quantity which, when added algebraically to mean polar
time. will give true solar time. This quantity changes ftem day

to day and may be either ners-ive or positive. When the sun is
ahead of its average schedule, the equation of time is positive;
whets the sun is behind its average schedule, the equation of time
as negattve. Valuest for a mean year amay be read from the approprtate
curve in figure 3. Values mnore prerise for any given year and hour
may be obatained froin the current issue of the American Natutical
Almanac compiled and published by the U.S. Nasal Observatory,
Washington. D C.
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ILLUMINATION IN FOOTCANDLES
CORRESPONDING TO THE SUN13 ALTITUDE

oInqies of solar depression am If Ved cismneqotiv altItudes)
SUN BELOW
HO0RI ZO0N SUN AB3OVE HORIZON
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INTERNATIONAL ZONE TIME: Time reckoned from the later-
DECUN~lONnational mon, merid"a for that wane; or time redkonsed frcm the
DEMIN TINprime meridiandsa the masethoone diffeenoce. International zoec

The position of the earth ink its cebt auund the mnz6 sad tdo time and stndWWawdzn time awe the same wores both arn applint
nearling Position of the earth's iaice with raele an the MD., c- - M to one of %1.* 24 regular international time zooes (se F revious die.

declination,. which ia mintred as the accmbhee of degria the wearhs custiou and cable 2).
ama departs froms a plane dthe ia normal to the mcan's directe raya. SADR IE ierckoe rmayslce eiin
As s~hown in figure 4, on 21 March and 23 September the earth's ND R TIETiercodfomaymlcemedan
axsi in pan pLmnormal tr' the mno' rays. Onti di two data the it s generally the legal time to which all clocks throughout an

decln~ton . tereorezer. A th e~eh ~ alog is obitam conforms. Standard time is the same as international tone time
alte eah ofthee dtestheaxi lottne psgramvel. ~ when toe selected standard zone meridian is one of the international

afte1 Jueand 21 Dheeaemb terai decines p ogrsiey 2so Lb time tone meridians and the standard tone boundaries are thet saein
on2 uoc o 1 eebe ed.Alntia f234*a as thbe isternationial tima zosse boundaries of the particular mone.

When the North Pole 0-inci toward the ,snu. the declination TRUE SUN TIME: True sun time and apparent sun time art the
is north and is indicated as S (for SAME) on figure 3 and ons the sme thing-lthe time indicated by the motion of the Fun each
chaums When the South Pole inclines toward the Pun. the decline- day. The sun time at t given place is called Local apparent timse.
tiot, is south and is indicated as C (for CONTRARY). When doe which is the time measured by a simple sun dial.
declination is the SAME as the latitude in one bcrsiispheras. it i
CONTRARY in the other. Sumamer occura when the deciato LOCAL APPARENT NOON: The instant the vsun eroase the merid.

sand latitude are the SAME; winter occurs when the declination is ion of a place. At that instant the sun reaches ius highest pocint in

CONTRARY io the latitude, the sky on sany given day.

DWuaaano 0 MEAN SOLAR TIME: The avenge or meano time of the true sun;

SVPT23 Ais n other words true sun time mtinus the equation of time.

EQUATI ON OF TIME.' The number of minutes of difegrene hse.
UARTM 00T twerts the true tun schedule and thes average sun schedule which,

when added algeibraically to nao solar time. will give true sun
time. The cur"a of the equation of time (6ig. 3) wan derived from

necu'Jial V a table compiledl by the U. S. Noval Observatory.

occufirm DAYULGIIT SAVING TIME. Zone time plus I hour.
O03ViN$iu1N ~ ' HOURS: Houris in this honok are counted in one series from 0 to 24.

I nivisom beginning with midnight. instead of being counted in two 12-hour
NMUom VA10 z1 series. once each fore an. m nd p.ma. Hance, 11:24 a. ms.is written U124,

Isotfoll =ocurAnom 0 oe 1124 hours; 1:36 ps.m is written 1336. at 1336 hours.,

Figur 4. farcth orbit armed ma. sbho.a8 pmesin.tims ofasim-a ad LONGITUDE. The longituide of a placce is its angular distano3
fatom dftdisaus. ams or weste of the prime meridian, .ka.. "a or wsen of snagatudel 0,

DEFINITIONS LATITUDE: The latitude of a plans is its anogulacr distance north

MERIDIAN: The meridian of a place is the upper branch of aofsuhfte gac.Th* w i0 aim .

great circle of the earth, namely the semuicircle which joins the DECLINATION: The number of degrees the earth's polar atis
poles and poassesthrough the place n simplart termsa.it is manly deperufrom aplace that isat right anglnsto the raysof thePA&n
the norih-south line that puns through any placae on the earth's DIURNAL- The apparent daily circular path of the meun uwsen

surface.from any given place on earth.

PRIME MERIDIAN: The north-south line poisiog through the INTERNATIONAL CANDLE, formerly called the Britiach Standard
Roya; Observatory at Greenwich. England. It "s used an the 0* Candle. the flame of %L~ich. burning under certain monditions, con.
meridian of loagi-ude and ast the basic meridian for tecktonialg smas 120 gratins of spermasrt I per hour. This candle is a common
international sone time- unit of lighst-giving power.* An ordinary tallow candle produces

INTERNATIONAL TIME ZONE MERIDIANS: The 24 meridian 0 -rbe new tandie or reodela (adloptedi is Great ertain @Ad is ch.
from 0' to 1SO' longitude, both east and west inclusive, in e-en U-& cc I Jeatcary 19648) a defaed at ose-uruth of the luminous 41es,Our

multiples of 15'. Of 0ne squats cvnticietero p t 
tearfec. of a black body Lli6bo radiator]

at a Iminpamuft Of frecraca plaunism,3 and is to. Ehas two ptrcst lowecr
STANDARD TIME ZONE MERIDIANS: I be selected meridian Of tkaa the iaiuroationcii c~adl&.'
an area, generally a Land are or the arm closely s'irrmundiag a I W. L Y. btiddimoo VIA. Tbr,-ccb I*# Aj~,phur# Uai-nwry of

1group of islands which meridian establishes the standard time (clock r"Oraw Pram., 19o)L
time) for that area.f



lntmonom searg per "as of done very sisialalr so dsist frooss Tssd~bi Wlevls have been delitned in this bank as showe light

.4 ms-ioal Candle hes llgk09givlng valitio of as atdleoar I&. lseemeaum accompoutyiag the menga in the ma.s dorporesson which
4 and-culoamp (eloctric Light hsib) is generally speclled by ins ddefmse this. lti wilightramg b app limtoco .1al sies

ani paw.s Is ismnrise or summS, for which the minis deptimiia. of the. sun (the

ILLUUNAIONis he idet podued bomthehisimo am -- ofmG the me's. dime) is O.V. The low lUmits of molar depremicia
*~ ~ ~ ~ ~W cUJall O lieh thon Sa M09 udintgd% w(ati uinu nr civil twilght Is 6 (.-6 altitude). The low limit of Woar dis.

ma ~l l~b flls.~ a i.leemadm.prmovson for neauiala twivlight Is 12' (-12' altitude)- The lawe limit

ONE FOOT CANDLE (Ic) is she lisminsois assergy received on any oif depomelco for asurowcomlml twilight .s I$* (-IS* altitude).
pnof a surface per unit of come. whim the surface is sairml to ocaltmyariaiybyoudedfomh ouiin

and oam foot distant from a light powe i emto ofaigk amp snartealoily hicnieetrm h osvi
cnl.In this hook the fons: -adl units given ono the plims enter hshe the quartert tme is approaziatmsny 'I* above the horfizn to

to h illumstoiasllg efesoc of eannual iiumlaauooci received as a th cooditlesn When thme full mane is at . Waeith. This gives us
fully exposed berrtoastAl stic (fig. ) a range between I X 1a-s sod 3.A X 10- - to

CIVIL TWILIGhT.: lllssmisnclssina dependest of the moon., which Starlsgts is. properly spealtiog. the reoge in light levels betweena
rnages on ase@ago clear nights froen 41 f ton 3.16 X 10-1 Ic. when 3 X 10-1 aod about I X( 10-1 Ic. although some Kans at planets cat.

( the center of the mants disc ganggs froms -OA* on -6*~. frsoqesty he weo right up go th, point of ssamise.

NAUTICAL TWIIJGHT:- Illumsinstion, independent of the moN. Tbe3i og umayfrtfrsi

which reane on avenage clear nights between 42 Ic snd 7.7 X 10-4 TABLE 3.
ft when thes ceater of the sun's disc is between -04' and -12' Sum~mary of illumnalotion levels. See also figure 6

ASTRONOMIACAL TWIIJGHT: Illumlnetion, independent of the Sun's AJjtkv& liluousastios
moon. which tangos on average cleer sighs: between 42 Ic snd Candid.. LUna, ddlregs) W~

COS x 10 -1fc. what, thecenter ofthe sun'sdisc is betwieen -0,.V
and -II. - DaUslt Opp"f 1q5. 1.5w*A

-4 lows. -4.8 41211

i1aa -& 0.314
inNsaifra -0.4r 41.4

lons - IM. 0.40Cr
Avrsooemical vpeer -0* 41,11

*lowiv -ILO 0.0006

aust od lle"J"boos. If P, and P, ans tee

poain as Lise is"#s wsert ad a srttle W4 a Swulh Epper -11.8 5101
of l-10M radia Gad art sackl 1 d004 W* -9010 o0000z8
os vansi arm noe'eaed at wak point

is I I0nAAt&ad. Supplomentary Illumination Curves for
ILLUMINATION LEVELS Cloud and Moonlight Conditions

Nig tura illumineation on the earth's surface for clear days and The basic curve of Illismlnasitoi as a unction of sales altitude
nigtsetends roughly from 11,500 Ic to 3 X 10-1 fc.* fg )gvsvlm o la acd.iddoocta ooih.J

Diyliigbi properly exteods from the time of sunrise to sufl551. In figure 6 the basic curve is repeated. Labeled "teoobwsured gum.-

egacho which gve u 4250 Ic , hog h eihsn b vr sod two susilaary iliumlnetoon curves for average and estreme cloud
agesrougly 1,300Ic.conditions are given for purpta of comparison.

Sommena and Swoops are, by de6nitioo. the instant whent the sop figure 6 allso shows the illuminution fot serious phases andi
or "upper limb" of the sun's disc appears con she horixcn. Since the altitusdes of the moon. independenot of other natural light sources

chasts sine based on the true position of the crnter of -be sun's disc. The scalvesoand units are the omm. as thos given fot the tun.
aa allowance of 16 minutes of arc has been made lor she angle Low Levels of Illumination
between the upper limb sad shes center of tbe sun's disx. and assI

allowance a' 34 minutes of arc hai been made to compensate for Low, levels of Illumination i. very uliffcuit to viiutilits. Take,

refraction, which causes the upsmer limb to apptsr above isa true for lasenplef, the low liitofk nau91tiarwilight. by definsion, ibis
position. Thus, a total of -50 minutes of erc. os -0.8* solar alti- esb &Joiao lot alsislapraaesaoo dham -ieeda..tuds, inarks the true position of the center of the sun's disc at the
instant of sunrise or aunhet. From table I or 6;u-.* 6. the illumination I

corresponding so -0.3' is found to he 42 fc.

i-il-



amevn dtes me is . b*ldeldow she hnd Ameidiages 2 We The -om of phase an~gle 601 (and4 appeoss tog about three-

I sid Arme
6 . Ase oceemaedisa llslasionld is oosifewmndy quesne full) gives, us 8.5 X 108 fic as 65* altitude, Full moom.

I x 104 $is" Is Is wht jessisea an orlsoclls low eel W o phase sangle 0', g1Ve u about 3 X 10-' Ic at 6S* altitude. The

l&Mish Iar td une.Uigbt, sto sa midin a aesep-inami s~Mxamm illolum ice franc a fail monoss ft he sWeigh is Approsi'

Sanction of $ x 10-- Ic: is qlae'e to e di llsonflaetl6 ft. newely 3.41 X 1a-s IL. It alowld be nosed thea when the moon is

a fall mom0 wbAb is spimoximerly I dolgress shoe" the boeboms. full (phase @Agls morl stod only a few dirgres above1 the horizon.

The ioumits of monouliths my be mcaicuad from thes relaxwe she sun is appro masigsely the sawe few degreas below the horision.

shas the light frma the fuUl moo.at. at a gliven altitudes. bears go Twilight. hecaus a( somall deptression *anllis of the sun, must he

thae Light from the nam at then .as altude. This srade is roughly takeo ntoa account when oae considers the light f rom any low

3 en l.0IADOX 
altitude of mooe whom phase antle is small. The illumination'

Is, order, thee. tn calculsom then altotude ofde the -~i mo foesa lodicesmi as the moonlight cnwsel of figure 6 is independent of the

given value of Illuminsations. the procedure Is sf follows: multiply Ouns6 ilouence aod shouW ldtherefort; he added to it whem monalight

the given valuse of illumusessici am fotheb monog by 1.00.000 divialed wed twilight cocur at the samot time.

by 3 to obhei the light whi& would cm forcem the PA* of theo It should be kept in mind oboet when we speak of illumintlaion

which gives that Mlumionatlos. This sme elsionuda applies to full he level of Illumination, at as the lightg ccoaditiao, we re00

doo" which oill shed she gives ralue of ltght. For Gxample: refining to the brighsnees of she sky. Actually, when the illumine-

clogs is 0.0006 fo: try vitu@s of the time and place a we have been

Gives; an lllumaaotoso value of 0.0006 fe. Then discussiag and, therefore. dhe run is 12' below the harms.o the

greatest percmpilile difference we detect is nor In this increased

I.000.00+ 3 X 0.0006 zz267 c.ILCFom table 1. we find amoun of light ona the ground or no am-sod us. bug In she visibly

dsitaise sola ltioade corrsesponding o "267 fc eqasysl brightert eattern sky. Is the "dead of eight" the stattit sky near

Hence she full moon at altiltudes 3 will "he 0.000M 1c. the hetimes I$ roughly 5 X 10-1 foot-loaibert. By the time the

aut gists to 12. below. the mueastr sky may he IX 10-1 foot-lambert

After the aboe" calculating procedure wait established. curvess or mome Theo belgbtenlitg of the awater shy can he perceveivoa loog

giving the Illumiasslo "us funactons 91 ues Altitudes welt can- before 5 X t0-1 foot-lambeirt is reatched end, therefore, before the

sutjcted eod ain shown oo igur 6. tn consteructing these grough PAO gets W -12'. lor example. When therec is a surtace hate at

curvom. the ratio of 3wt 1,000A00 was used, together with she graph in of even a fair amount of moisture In the sir. a lookout who*$

given bry Russell' 
ey" ate well arlapteid go she '*dark of night" can distiagutsib a

To give another Idea of what 0.0006 Ic: is like, we can my that clearly perceptible orightening to the eastward, sam thes aorieonts

this light obtsius on she ground saroud us when a secors whoen whoeo the mat is 19' to 22' below she borizon. At such tclaw the

phase ianlet is 32* (end which appeases so be slesost full. 9L4 per filgmiliesioo Is only 6 X 10-6 as 4 X 10-1 Ic respectively, which

cest) is 6' above the horizon A"d the esun well below. roughly 44'. values ae Iimpermipssble from 3 x 10-5 fc. but the eaunster sky

This can he calculated Is a coueaner similar to the aboe" and by brilghtacsm bee inctreasedl quite peroeptibly.

cefetrena to ftsusll's curme, which shows that a mooan of phase

angle 36* sheds just half at much light as a full moon.

Although average starlhigh is generally regarded at slightly Sunlilght and Skylight

as mroreo than average starlight. It is, however. very much less thain On an average clear day when the totl illumnius~tiotts It, say.

we generally think of se average moonlight. In the la le,edi of is the neighborhood of 7000 Ic.. roughly 1000 Ic is received diffusely

from the sky sod 6000 ic directly from Poor sun. However, as she

illitmonsttion, even thes dark-adapteod eye cannot dlistiniguish berwee sky becoe copeey overcast, with the Illumination level drop.

3< x0-1 and I X 10"., bug 
hii ligh 

pos hmdfeeceiaoy 
be congtdared sucl~ti entirely.

full lot s-ycle, say between I Y~ 10" and 3 X< 10-'. Henoce. cone po.my. to 4000 f-thi.. gt=0I

Jusy~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~O she ohst 
eoistedfsez ewe "ishlta c thesht hand, on extremely clear, drycdays the ratiois ofsunlight

nis be 10 bled to pecev she1 dtoeiAbewe o .agt so kylight of 10 ton I ofr of 12 to I ear oai uncommont. Likrwise.

On amX s ni0ht sod sk an tnCotiuemoto as one asocesia from "larvel lthe place for vihich the figures in this

Olumnatoonl n~ights she skuly anosd htr otrilusel morate wlhen book apply) to bigheor and highet altitudes the ratio of sunlight

thelumna Is bincirent - 0on abfull exo- Il *Thorieovalsuefsc when so sylight Increases weakedly. Complete 6gvree ean Dot yet avail'

thesunisbetee -9' sd hou -11.'. hee vlus, owver, able, butsa none aurement made as 25.000 feetson a clear day

var to low that even a young moon of photse angis 120' gives 10 showed she ratio of the Sunlight to t he skyli~gh falling on a hon.-

times as much light whaen it reatches so altitude of 22' us stars, snit zee ln oh ppl~naay2 oI

sky do without it. The4 sazimuum illumineation from this young _____planstobe__________ly 5 o

goat Is shout 1.24 X 10'1 Ic.5t. 
N. 3...inil "5erter se Pissaro".4 Pus. 54ocria .d Pt 'AiIo.

The msoo that looks hail lull - that Is. the moon that appeasi Abu 1- .01. 43, Masco 53 16. P. It57.

as half a disc -- is called the firsrat or thr quarter. PSuch a mosan

is asoe describedi as havintg a phase &tngle of 90. This moots brings

tenight light Itsto the a~stronomlical swsliiht tons befora it rechelse

10' shove the horrizon. At 6V' it gives us about 3.S X< 10-1 _; its

mnatitrurn ts about 4 X 10-' Ic.

A-12. 
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SOME RULES 1101 CALCWtATING THE MAXIMUM
AND MINIMUM ALTITUWI 0F THE SUN

TABU 4. Kmaxheg mad Mhmnima mola altind a64 W00"00

Oumids of the aupka. the dedasimi ana then savlsxperder
ically th. bmati&e Therefore the inahem or agamus @D 160=60
altitude for say gives dlay and given lesatude ad mson then 23.S' Pies" Soare Munade jdafrte) (fi)

co b ~aad y ip~ e atowxNrth IAle W9'N) as:90 -90 + MY = MS.11411

RULE 1. Maelinum solar akkuede equals W0 ialnes latitude plit Ue.09+)5W 5 3145

decilastiou for now of dot day. Lealuad. 13N mEax:s90-71 + 213 a S930

RUL2 2L Minsimume solar altdtude equals -90* plus latitude plusmu 9 5 31=M 2

declimalo for midnight of Ltea day. Latitude 40*N Mas as 90 --40 + 23.1 .. 73.5' 10.760

W~e = -90 +40 + 23.1 =-24LS 3.5 X 10-'

Exeampt# 1. Given: 32*N latItuds; 21 M~y;declnaiwon 20. Lq~ 24" 4*1) Mae = go+ 0- 2.1.a 6&s' 10.150I
Manimtum solar altitude = 90 -32 +20= 71' Wa = -90 +0 +23.5 -6W.1 24 X 10-5

Ezampla 2L Given: 32' N latitudels 21 May; delinsisoa 20' L.
Minismum solar attitude = -90 +32 +20 =-38

Inside the tropics the decliastion eas eansltt she latitude and GENERAL PROCEDURE FOR USE OF THE CHARYS
havethe um p S r cotroy li C-To fied the Light valum for any siven cime and placr.

RULE 3. Whent dedination 5 eavas the laIss e~inuk eismam ald-

rued equals W0 plgs laticude mistue declinaion 1. 1. Look up the latitude aid logitude of the place from a map

lULA 4. When bosh declination and "rtiude aue the aama. whether .Lo pgcow n h qaino uefrted
equals -90* plus latitude plum declnmina, nqetion (rm6g )

3. Convert standard time (also called clock time) to locad
RULE 5. When the declination is coetftr to the latitde. whkeahr apparent time (alm a~lle8 tue win time), mekldg curetion

Is *en&ed the latitude or Wt maximsuo altitude eqal toe back longitude and "eqtmoo of tine a" tup'mined above
90' minus the latitude minus the decilnation.

RULE6. henthe eclnatan acens se laitue. ish4. Selec the plate for the Latitude in queotion a"d using; the
RULE& Wen te dclintio exewds(beisdrk wth dclie- ppropriate declination curet read the illumiatison cow-

tico C. the minimum altitude equals -90' mite' the lep ins~ to the kovj apparent teme; or. select the place
latitude plIus th dectioaskm~ for the appropriate declination and, no the hour curve fcr

Examle . D~naioa ame szeedng te ltitde.the loca apparent time. mead the ilumination value care*-

Given: IS* N Latitude; declonatlon 20' L 5.igtotegvn aiue

Mazimum solar altitude = 90 + 15 - 20 85 W Th iat asn constructed to show the illumiastaoo correspond-

Extample 4. Declination ime la to the altitude of the tive san se a given locality. In place of
Given: 15' N latitude; declinastio 20' 5 a solar altitude scale. however, we have provided an hour scale
Minimum solar altitude = -90 + 15 +20 = ..- 55' and called is 1oc1 appartnt timp. Since only sun dials mesaure local

apparenfticme, it becomes necessary to convert clock time to local
reampleS5. DeclinatIcon contrary to latitude. appaenat time before entering the charts to fiad the illumination.a

Given; 15'N latitude; d"xioatioo 20OC Tre Latitude Series of platte (I. through 17) presents mesan
Maximuou sola attitude =90 - 1 - 20 = 55' illumination values throughout the year at individuel latitudes.

Examsple 6. Declination contrary to and exceeding the :stitude. Each place in this riesl applies to a given latitude as shown in

Given: I5' N latitude; declination 20' C the lS aargnmerl at the upper tight corner of the plate. Each plate

Minimum sola altitude = -90 - is + 20 =-Si' conmsnjs a family of curves. each curve repiesenting a given day of
any yea~r when the declination of the sun is us indicated on the curve.

luminsntloa 'aluas correspondIng to meaximum and minimum Curve are markeW with 12' C. 6' . 0, .6' C. 12' C. etc., to Indicate
solar altitudes con be found in table 1, thus giving the extreme declination LAWE or declination CONIhASY. In this Latitude Sanits
iight tsar fot say day at any place quite easily. For eatnpla. let the iltumlnatioo is planead continuously Au a functiou of time from
us takes the midsrummer day wish declination 23.5' S fot four places. midnight to noon end applies conversely firrm noon to 'midnight As
(See teble 4 below.) indicoted on the time scala.
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lsmqwltay, it as desirable to In only 0 Muigh anewet to a

PIOBL1M: Wbee disTh. Sakmdsaise;at Wasbiorsee. D.C. as

The edledra Swi (pum 1 dasells 4) pesans so I.Froma O Vashlnitnos latituade lamese to be routhly
&ale of IlWesesdinet theesbughe 6@ the anl lemIividne Axy%. 40 ud

laoh pair ofda hese ~aeppliesa thon yam of thear- w~f 2. Frma 6"w 3. the detdaiwom for 11 Augues bs an to be
the deiliantloeis baeldimeed by the Imp assawl a te suep tnewsd roughly W? eath Otber is, W5 SAWE as latitude).
ane of sh Plum lBob plaes consedas a funnly of c'urves, 3ut Itaer to Plaes 7 (lmietnde 40*). Th. two unman appscearuts
curve representing a given hbow .E the day. The lilluminatio is declination curves that age tbt 10 o'clock line mea 12* 1 and 23.551.-acte Cninuously as a funaction of latitude IWO. pole to pole. By inspectice, the illumination is see to be roughl), btrween W00
I he hot ead theet., mashed COWSUARY. repupsa the southest, end 9M ft.
basaipLare when tdo declination is eatbt and ape s tdo aorther 4. A -o-d simpl. appecach is possible. L.ook up the chan for

benhpeswhen the dedlnasslon Is much. The sighohead shes 14 dw~elntion Latitude SAWE (plate 33). The l000.hour curve
marela SAAN. prapsmi the oomer 6emsper when the decline. cro th 40* latinide line as toulbly 8500 ft. Plate 35 (decline-
dutie a north and eitpreset the soutithOrn bssphet whets tha tio 16* latitude SAM) shows roughly 8700 It. HIf~asmnsioe, for 15*
declineue is mut. wol this be Iroughly1 MW0 ft.

Io the foregoing solutionst sexample 2. Esiamrn Standard Time
oely was used. ThIs procedure is not very acurae matom the EST
am*e covers too broa an ama to be in keeping with the average

ES ~movent of the suit relative to ti~e boriaoo It is better to correctlamnpl. 1 Eastern Sunodard Time for longmitde ut the Siven place and for
the irregulauities in the sans avwrag schedule end find a more

The plat aampa fr fndil; o Wmiatio isonewhih sacurate solistimn as follows.
-ad 0 o tim reci or inssrpolstiae. I. Loog up latitude end longitude to the naesas degree for

PRORLUS: Pied she aerage Awnasll.. free s and Ay ilw, Vebaigstua, D.C.: 39*N. 77*W.
dew na eme uf. dfpwes01 Mosoed PAM# Surfacea a 2. Determine declnimeho to the unrma Mastb of a degre (0.35):

sit" pfsr er tiem. 15.31 *orch.

Given: Pimac, 75* w eatluiu 3. Look up eqluetbce of time far I1I August to the nesiee mao-

40* 00rth latitudeg (it. 3): -5 Minutes,
T~m4 0^ 1 Apd . Compute loaogirute cocroctWei for time difezeoc. to oer

Tim. 000, ISAprilST = meas molar tim at Washington.0..C.
1. Loo~k up decllnstion (fi. 3); Approximaetly 10' north. 77* V =(loogitude of Weshiagtou, D. C)
2L Look up equation of tsme (fig. 3): 0. 75' V =(longitude od EST moe metridian) I
3. Siame the longitude of this pl&ac is in the atom of tbe time

ame. (a6 the toemeridian) ther, is so ueed to amecfrto m s orn Ae minte psi degree
(clock) time to amas sin ta- in this ca the ac the £ inte o t

4. Since for the given dame the equsetoa of time is sar, threea 1000 hourts EST
is no ueed to corrutti fur lsregagtsi y in the wa's schedule. -8 misutes (sbrocs because V Angs"is was e of towe

5. It is neesary therefore, only mto Wafr to the curve for- 10* merridian)
declison. let irude SAWE (plate 29', and noewhere the 0900.hotst 0952 hours mesan soles time as Washingtov6 1). C.
curve croses the 40' latitude line, lie value of illumination, mas

ie n tie verktil stale at the side of the than, is 6,1 x 10 or S. Correct for Leragula, sun schedule by converting mean solos
6100 ft. Or. we could find the maw thi" n g te chin for latitude tume to true mren, time fat the day in question, I I August.
40' (plate 7) by using the 10* 5 declination curve ewended (or by 0952 bowts masn solar time
interpolating between the 6' and 12' declination curvein) where it-,mntseutoofie rI Agt$
ctre. tin 0900hbour NLe In either cm the illumination myb minutres matn tf ime frIIAgs

reed as appraziameely 6100 fc.
6. The than fot 1V' dscllntioo, latitude SAMI (plate W).

shows illumination values mas follows;

8400 ft at 1000 hours
6700 ft at 0900 bours
1700 ft: difference. By interpolation (47/60 x 1700D) + 6700,

we arrive at 9030 ft foe 0947 hoists, declination 14..
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Unam Sea Dieop Is seesof the som meItsa. the ciao wila be lawe,
e airie;s the oe.a at See Diago, the at the soineairidiez.

Tborefos tdo 1! maiavme will be ~ad" ad local appaenet class

7. Ibi 35. 6he ches fa 36" daciletioa. biene 64001, gise will be
ilhuitics a'isesam follow= 30+ 1=050hus

3700 Ic at 1110 boon 5. Using the )0' klatitsl chart (place 5) uimlt the dedlsiuio
7000 6 s 00 bo came fot 23.5' 5. which give*. fat 0350 illummmstioo .of 3.7 X

r7W IC disnom 10-' Ic.
6. Using the 35- lactitude tharn (plaea 6). stied from the 23.5" S

Again by limapoiltilna we iacaloem 8330k( for 0947 booms detlIiefa curvs do ilmluminato nalue foe 6350 which is 31 X~ 10-' Ic.
toin 16* hlosinae SAMI. 7. By graphic intepolation. Calculanw the iluatinaclan fair Inti.

3. Hoirvirer, 1,5.3" is she eanasece sewag declin"I" lot 11 tode 32" emid dim 03K50. I )< 10- Ic. af 0.000 IC.

Atuguo therefor &. As a check. an the 23.5" dedimshoti chest latitude SAME
(plain 43). The 0300 cumt a 32.7 laititude ilva 5 x 10- fic. The

Xt (8330 - 80301 + OW30=3$US Itc 0400 cume givss 4 X 10'*. By latetrpolatio.. we calculate the illuami-
IA16 14 / x(630-330 fatn 0 350.3v.7' to he I X 10-6 ot 0.00 Ic.

-' T cleuiff -, eea 3660 kc. obtained by &be fim touagh By seftom to table 1. we 6nod the solar altitude for

saimes, mod doe 3225 (c ochained by the won eatuta psocodas I X 10- Ic: is aipprozLmwciay -12". that is. ahout 12" helow the

is am sipaliiam - 4 pee cmin this cos. oifrsitt. in many athe hatsing. Thia. by defintion. ie the beginning of nachael twilight.
-zs the difference of 13 minutes of times will mawe a big difference For mome e 'eato discuicoa of lovw leves of illuaicinatioci, - page

in Wllatiesici. At this max latitude and declination a on owler S.
hbag. my aimend 0600 bootsm 33 aliusm would mbal the ulgelfimasi
diference bermea 700 fir end MOD4 (c. Je= before 0500 hoaft chers
would he en uen mome noclatehe difierso of between 4 IC end
35 fic.

it is Jun %, well thetimfoan, to Lospics rsh oasvws hefore accepting U ml
a cough msatiam which manybe olf by a Ieveat of 10 at mom O the b m l

other band& Inspection of either ow of the placm. 33 of 35. will PROBLEM: Find Ihe aserst weel.. .1 Ike useseral UIMWsteeeeio

show chas there is a voey lintk difference betwee the iluminatison " oet aiswe at 0300 hloem In Poet'hes, Chiies, on 21

jog 40' latitude and thet lot 39' latitude arounid 10 c'clack Plete 7 Dewmbrn.h.
showis en even slighter increse in illumination between 15' end 1.Loupteaoclwo tiidndostd f ob-

1S.3 dedosd& Hsosdo rfiniona isrealy aas o dw (Fooclsow Is now also called Minkow). Latitude. 26* N. Longitude.
is Lb W 119,25" L.

2. roomi 6g"u 3 theiqus "on of tixm fog 25 Doobet is found
to be npogllgibia. and decinast"c lot 25 Decatmber is 23.5' south.

3. Cartect the cdock timse und in Foochow to the local apparent
cla. Inasemuch at the scluationa of time is negligible for 25 Do-
comaht, no correction is ba& foe It. To corecs for longitusde (4 asic-

Example 3 utes of time pat degree away twoi the time oi ow eidian). (120"

PROBLEM: Pied #be lightf rolue at 0340 bouropt, r Pnfeslon4Sd - 119 25") Y (4) =3 WoLnuse Silae Foochow is WeW 01 the time
T~ne,..16 .. ~s.. Di,.mom- morldiao. the sun, will noat tooth Foochaw as 900 as it dc(ee
Tiess, oe16 Jist r SmDdiris, a~l-d&tse place for which the clocks Is W16so ed cenoequeOslY the 3 inicurms

1. Sen Diego: Latitude 32.7'N; Loogicad4g 117.31 W. for longitude wimll he subusatte frots clock tLme: 0600 -3 =a 0557

2. Dedcatinton on 16 juse: 23' natth. hours local epperenat Clea.

3. Equationa of time 00 16 June: -.3 mInute. 4. Selec the 23.5' decllnetlaen chart, latitude C@NT"AAV (plate

4. Coaver otndard time to Loal apparent vime. 41). Follow the vertical 74' latitude line up sci 0557 houe (shout a
hell inch helowe the 0600 bowt cur") and fted Wuammostiaa a

034 boon PST 2.2 X 10- Ic of 0.0022 1C.

h1ftoure(cugos 5l ie . Check by looking aso the 25' "Ad 30' latitude charsm (places

120' Maeg oMedian in Latitude 50'. illumInatIonl is 7 X 30-' IC.

137.3" San Diego longitude by Lsgoepolackmcn. the Wamlnatlice lot 0557 in latitude 26 Is

277' 2.19 X 10-' Ic. at 0.00219 fc. Ralsivce t cc able I shows that this
light obtIei whee rshe altitude of thes men is epprusaisoacly - LO0.0.

2.1' X< 4 mInutes pot degree I 3I mcnutes.
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altitude asa onaly be eppitteomiwed is this sesmame. It my aim be

notd that. "cae the beeic curve is for the &vamp vleslu of iUumias.

exampie does for aisseg des deys. am --nnt by taking ase mmu our of

PXILOOD File sbe de asalwase stlimi of dsesiw or isusa doom and Walkieg ame aftnematese of the illumination at day age

Sies pteedndAas time and place. deduce that the suss wiL he et the correponding
altitude as given as the beelt curve (4g 1). Howeveer. als be

Given: Oticago. WIlnoie, 21 Oismber. eltitudes Eor the san were first accurately calculated end on .0 ad

1. The poioof Chicisg is 41.9N; 17.6"Y. ing valusa of illuaioadon assignad as the basis for the numbered

2. Pros figure ), dedimeinao Emr 21 Dwomhet is founed h e phase, it is perfectly goo paoceuz to determine the twa' eltitude

235'* south. an this "utii of tim Is 2 a ..- from the charst end table I fot any place and true wel timss.
3. romfigrs . te iluniowon@a uarse W Pnsis i fond 6. Thus. having ascertained the illuminetion frorn the chaesa.

3. h 42o 'gas. 6th luitaaa mendf Efu turn to table I to find the solar altitude corresponding to 4600 fc;

to On plan 7 4'lttd)teM u"1 4 ca this altitude is found to be 31.2".

about 020 housa.
S. On plana 5 (45' latitude) the 23.5' C curve reache 42 ic Exm l7

6. By intarpolsiazc. we get 0723 hints, for mantis, at 1637 boun PROBLEM: Fiod the, isees akiride as 1600 boeo" *n I Apra ;a
q10 ft UW $1nn.. POWA miinseeuete.

7. CoA eztn this local apparent ta se to CS T. Firt . look u~p db 1. The p acitao e of St. Paul: 45 *N ; 95 *W ."usiuofn tim (&S.' 3)22.iuisadsbec t lerial Declinationa for I April: 4' north (fig. 3).
from un tilfta3. Equation of time for I April: -4 minutes (6ig. 3).

0723 true amatime 1637 4. Cwsseam* for longlrads
-2 minutes (equation of tdme) -2

ffF en No tume 163-5 -93'

Then also correct for kongirude. -*X 4 minte pe *t 1 iue

9'CST som eriudian 1600 house CST

0721 - 10 = 0711 CST (os t635 - 10 = 1625 CMT. .Cm tiefrWlsonftm:

148 hor mocliesn timep
-aExample 6 -4 minute.

PROBLEM: Find 114 smes alrituds at a givew tiee. and Piecet. 154.4 hours local1 apparent time
Given: New Orleans. La,. at 0800 hours on 16 April. 6. Frotm plate 8 (latitudle 45') the iluamiastion for 1544 house

doclinstion 4' S. is found to be approxtimately 3600 fc. From table 1,
I. New Orleans: 50"N; 90*W. corsodn oa'liudIsapoiaey2'
2. from figu 3, the dedloaicaton of the sun of 16 April is found e p gslrattd sapoiaey2'

to be 10* north.

3. The equation of time for 16 April (6ig. ý.) is found to he Example 8
zero and. because New Orleans is on a zooe maridisoe. there ts no
correction for time oecessary hecausz of longituade either. PROBLEM: Find #be sitis. esbc day .1 the year whe.. AV a giuoie

4. From plate 5 (30* latitude), illumination for the giv" time Piate, the sue% Will ia at 4 9014is altitd* (Of when Al

*is found tobe 4600 fc. t~'nei "sigh laeve ~l eWb~aii Wta gumt pike).
S. From pltem 29 (declination 10', latitude SAMAt. check thet:NwO~et e;gl, liue2'

0600 curve where it croses the 30' latitudie line; again the illumine.Gie:NwOlas &sozattue2*

*tion is found to be 46O Ic. 1. Position of Now Orleans: 30-N; 90-W,

From iaapectiao of the basic ctaue (fig. 1). which gives illumi. 3600 froatbeI cemjetenamntona 6 l.ue
notion as a function of talesatitiuda, it can clmealy be ate, that __________________________

the degree of precision in deverimining soalr altitude frma the Ist sooertiol frow tuve see tine (@a siveo oe the tba.'ru) to oteadasd
illumminstwo is dependent upon an equsally precise reading of illumi- cls it is oee~ to .n,,er Lb rcw Wi coeavesti umatiird time
nation. Since only the appruxiimat. illumination for a giteu time mo local appassiah tises. to t"a came dbe esteacle of time s thnatefor mtub.P
mad plsce can be tesd f torn the charts, it follows that the sun's tierted .ipabraahrll. Tbe curirecicia lot kagtota asumi of &Mwshem nurdtss

A a- 17 5ted
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for the inks 91 thiseasmmpie. we can Onldt 39A* sod 39.5* as 40*

2. Decdisasng toe 23 Match Ia -on 44g 3).
3. Equatdon of tclea foe 21 MU~ch is -7 ininuosa.

3. Owa Plaee S (30* latitude). Plc a usaighndg -a the 4.Csvr 80bo S to th oa @Fp s o rm oec
PWat dhe 36M0.c lese ac U& ' c ar" ~ PIN IsOalgis 41111111101n city

whic. incumcoreopodsaj to mu ey do" f the yea (11g. )). The Phiedelphlia-
points at which the suraiagtedge Cata Lite dedILaRCo cuss in al
give tdo boon aso a msuicsoat na be of days t- make a cutplaea 0600 hours EST
Yealy plot 0 tocrctils or lot 106*udis

-7 sciout, (coaset Woe for equation Of ise)

Exam le 9Denver:
PROBLEM: Comptler 'be eetaenss 1-0,18 of Lgbs $bat obtain AN

Vesies pier. of ddt~sm latitudes elegshe lbe ws,0800 hoon, EST 1
ofide.. lawgiraoted owy e partcuow nase -2 hours (correctioa for lnegisisde 3W X<-I bouw per

each 150)
Given: 10= hours local appermit time on 19 jawlas?. hours UST

1. The wans dedcatinson for 19 jaaua#7 is appronimassaly 23.V -7 sninute (corrc-tecte for equsting of time)

2. Look, thean Ls the two chart for the dadulstmao 23.5% c' ppaentti
42 (for Latitudes CONUMAY to dedlinasnoa) and Chant 43 (for lati . to
tudes SAMN as dedissation). Pat the given dama plats 42 then sep. 090 bu ES
dinato the onboeser blacipherv and place 43 4se atudasrn hmcal -..3 hoone (correction for lonagitudo)
sphewa The left edge of plate 42 Is the North Pole. the right edge of 050 hor PST
plana 43 is the South Polo. -7 adue (corretio lot equatos of time)

3. Trace the I000.hour curm through bussch Canm to "hao - o paattm
the vatious levels of Vght occurring along the smae meIIDia of 05 onlclaprn is
longitude at the manse times. The 1000.bour cursvest Was 30.8 X l 5. Trams plate 7, we Mia that:
at th ot oesdvs vyrpdy 4ubo N. The light at at Philadelphia the illumnationto is 2W0 fc;
69N IslI c.At the AmcC lmle(66.4N) the light leveIol 0fc. at Deaverthe illuminstloonls)0 fc, and
At SLS'N It is 100 Ic sad It reaches a assimuso of OWt tha* at Fewo the illussnstioetw I 0.0004 1c.

90D0 fc at 25' N. Betweet 25 S and the South Pole it drops from

Tracing the IW(hour. curs, in thin mean"r is 10 elect tracing Eape1
the lillbt level from tha North Pole to the South Pole by goeog PROBLEM-. Comtapere lime rootsasd wbi~b sbe iWeeusnaliois bekdaiet

directly asouth on a metridIan along which the loald appamet time ian differoen per~s of Ike W"or nl e ewo; 0661 c Amcsdy$

Similar hour curves may~ be Conspared. However, it shouild be There ael big dilferecesm In the rate of ocatai illumnalado.
borne in minid tbat. unlessoam is Comparing PLaceNs cc the smae changes, The alopa of curves denote theen rates. A step slope

Since changes in the illumiastiou accnmpeoy Chang"s in the-

Exampe 10altitude of the sun. "a shown in the ht * urve. it follows that whsertExa pl*10the sun ascends mow rapidly, there ala.. will the illumioation it,.
PROBLEM: Compeer $be UhS& . vertics pLates of different 1t&qi cies most ropidly. Also, the convene is true.

sad. elant the msme parallel of lalkaieda# ma gitee The steepest portion of the baskiCr@ iesss boetwee -7, suaL
imsean. -5*, where the Illuolstioaso cheatg" precisely one order of mosagi.

Given: Philsidelphias Pa.; Denver. Colo.; and Reno, Ne- tud*; 0.1 fc to I Ic. hence, by a factor of 5 per degree. This fact,
vada. at 060 hours EST, 21 Muh coupled with the fact that the sun tins faster at the oquator then

at any otl~er latitude (0.21' pet mtinute), gIves us the maximum rice
1. Pusitions of cities given: of Incrase of illuzolnamson of one order of megnitkudo in S minutes

Philadephia: 40*N; 75-W. of time: 112.11 per cent mawe per ruinute.
Don-or: 39.8*N; 105'W, The slowest rate of change occurs at the pnites -at the North
Reno: 39.S* N; 120*W. Pole around 22 December and at the South Pole around 21 JoLne

Here the rate of Change Is 0.014 per ant increase per minute.
By comparison, the fastest rate of change Ls WAC times the

slow.. rte.
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Examipil 12
PROBLEM: find #be 'tge. of es I 1 - ~ mie ofegh

a Sirin da me my S*-pl-giThk poomam can hat lvmikd is smther winy- Philadelphia.
G iven: I June. Sea Psenmciaw. CAllfoguae- Pe, thee W0 meath of the equinm. As a wenequesm. the opponent

1. Fromacn-sedespop the latitde ofSan Fraimnc isapprors- path af the men the diurnal. makes so mangle of 50* with the
mustely 38*N. Philadelphia boceimn. 0.s 23 March. the me rism approximately

2I From 6"g3ure deima oa I is found to be 22N. due am at approximately 060 hourstru we drs reahe due
3. Sinae the desdloetioa and the plean ane both the m" (both, mucth U Gaon, an time. se5 antittdrug of 50'. end am approxi-

gionib) suilec the 22? 5 camv ons the chamet fog 35' latltude (plate 6). moely due wage at 1IND hours. true sun time. By 1 May. the pin's

sand a&s the 22' 5 car"e on (be chart for 40' latitude (plate 7). mand decilnmaio. is 15' onorh. Ois this day. the mue rism about 10' north
iatetpolate for $111" Voluvs for 35' latitude range f rome 3.2 X If)-' Of ftO &t apWO*XiMgelJ 0504. trnt Pub time. machate DoOM Sltitude

Ic a mdnsgbt to 33.000) (c ato no. Values for 40' range fro of 11", and aeto riund 6114 hours about 10" ortbhof 9ast. Note
3.42 x 10-' Ic at midnight to 10,650 Ic at once By interpolation thea the whole diurnal is shifted north and up. so that the woo

It is found that values lot 311 range from 3.3 x 10-' at midnight position of the run is higher than it ware on 21 Match by the amount

to 14,800 C atnof . af the north declination. The high=s the auto aver "et in PhiLa.
deiphia is 73.5'. Thit is reached on 23 June. when the decllnation,

The MAU limiting values my he obicainsed without iaterpola. is 23.5' oos Th looes noon positb.. is 26.5%. when che decline-
ciom no the chain for J22 sdielIniato, latitude IIAMII (plaute 41). but tisi 23.5' moth oi 21 or 22 Deebr
the iotermeidiate volume sad the closictrm of the facts of cheep The joeatly illusinioslog at four selected Wtudesss - the equavto.
throughout the day anrec to dlosrly pomaned. 40"N, 76.1*N. mand the North Pole.-- is discussed in the next four

A curve for 38' latitude can be plained from 135 points taken etos
direcly from plate 41. no which I3I even bout curves and four inter-

solate tsrvcrime et the 35' lifts.
In plottingi the 1luwnlnaction throughout any day ato a given

plsac, It is helpful to Incorporate the correct"o for longiwuda Into Yearly Illumination at the Equator
the timne "sal. This factor is constant foe the place and results At the equator to* latitude), the ilumilnation. like the solar
scntrey in shifting the time sKak given in the charts to raght Of left altitude. lass the widest range during one day of any placs on meart
to compeasate fortlout minutes of times pet degree that the pisics - from U11 X 10-1 to 11.500 fc This can occur twlkm a year at
Is "asse aorwe of the rime zone meridian the time of the equnoczas (declinatioa 0"). Thee ane the days

when the sun gam from -90' at midnight to +90- at noon and
heck to -90* &Via by moidnightc. At the equator at the time of
summer mand winter voatin" the sun goams from -67.5* to +67.5'

ANNUAL ILLUMINATION sad back dowa to -67.5' ftg 7).

In studying the alluminatioa throughout a Yeat at a gie plac, In summer the sun always kaeps to the north of the place (Pi.
Ic hs ben oun vey hlpfl t vivislsistheappreapat ofthe At the winter solstice (23 December. dacllnstioa 23.5' S.) the sun

It~~~~~~~~~~~ ha1enfud't epu ovseieteaptn aho h his the woe range in altitude as on 23 June hnit always keseps to
#sn during a year atc that place. The yearly pa.th of the sun is the south of the place (P). Thie illumination values corresponding
dividedi into doily peths (diurnals) for convenience. The sun's daily to -67.5' and +67.5' me 1.83 X 10-8 c and 10,210 (c resj..citively.
path relative to the bortion follows three simple laws:;tteeutr n ht nltesnrsswti e

1. The plane of the diurnal makes an angile with the horizon minutes of 0600 hours sun timseand seasl very close to 3500 hours
at a plca eq~ual to c. r'sca's Go-alisitadi i'ý mtnus latttudep. sun time every day of the Year. I

2. At any given place the diurnal planes a.. 1llel through. Ons 21 Matech and 2) September the sun's altitude changes at
out OW. Yost. the rate of 15" per hour, all day end all night. Berween 0500 sad

3. As the declination progrem"s fron 2335' to 23.5" N and 0700 hours the sun's altitude thhanges fronm -15' to +35* with
ruetu.s the diurnal also progresses along an axis which corresrponding illumination of 1.4 X 10-1 to 1725 fc. On 23 June
passaes through the place sod is parallel to the polar axis and 21 Decamsarbetween the saine hours, the sun's altitude changes
of the earth, from -33.5' to +13.5* with correspooding illuminet~ons of 2.9 X

figu" 7(hrugb10 huw(heprores ofthediunalthrughut 30-1 to 1504 Ic. The differences its illumination ranging over
?iguee though30 howthe rogeatof te durnl thougout any given 2.hour Interval prior to 0500 hours at the equator are

the Year in four dillerent locatioua. lompercepsihle from cone day to another. l'or, even though the light
On figure A. iota that on the two dates. 21 Match and 23 @1 2.9 X 10-6 ft is roughly twice 3.4 X 10- IC. both ate at a vary

September. aow only does the horizoo divide the diurnal into equal tow level, whet* a factor of about 30 to I is necessary before thes
m dsoy and eight (equinox) Wut the diurnal cuts the hortso', equally differvonce is perceptible. Likewise, the differences fromt day to daty

between nonh sand south. Hence when ish declination is north ,b fh ot gany succeeding hour are too small to be recognizable even
diurnal meets the horizon to thec north of the E.W line. When ihi fot a six-rmonth period. A summary is given ina sable 5.
declination is south, the reverse is true.
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TAWL S. Ilaimigiaeltos athe eume

-. __ ____ ____ ____AboutI September th se ton ras a 0530 giving 42 fc. wheresas

2t Mnket and 31ieem twilight is ngo more thanm the value of hright moonlight at that hour.
Haana 21 Seur ItDo 0.03 Ic. Of course, a high full mgoan could add another 0.03 and

iie'11111 1 x to-' 24) x to-s make it 0.06 fc.
ow0 1.4 x 10-4 2.9 x 10-' The none illumination differsaver the Six-month prefotd from
06008 d about 3700fc on 21Decebertto 10700 fc tes21June.Such aI

amI'l *11 differeenm is os easily Perceived by even an observant eye unless
Nowe usoa 1on25 the change is very rapid. However, the corresponding differensce in

herat frogs the sun is quite easily felt. The ailtitude of mgidrutsammr
ngoon sun at 40'N is 73.5%, whereasi the saidwinter sgonon jun is only

Yearly Illumination at 40*N Latitude [65 liid fg )
Plai 7 howatheWumlarin fo a f de labled Comparison of the acjcnaig houon on different datm at which

acoedng t Sow thei dedmneu ions fo r of 7ay laee seve Selected light ieivels occur at 40*N latitude s -.agiven in table 6.

chat the turvest ane generally simailar. They alU soi at about the
$mlevel at midnight and reach ie. cb th.;aumands of foot candles TABLE 6. Illumination at 40*N.

by noone of eaech dlear day throughout the year. Thus tae over-ell
rang of illumizat"isn very sgimiar from one day to another. The Haant of Oreeryse

Capfos1-go16tksaot2 hours andri 49 mifuhl jin l .01 11 btaat sod

niagammrata sm abu2hoursand 38 cinurm on 21 Doeeber. 4k)i 21 jam 21 Sept it Does
Deeeo10' and 10' the shap of o0e cami for one day ma almonst 10-4 0230 0434 0112

ldeviscal to th, shape of the curte fat every other day. And Since to-s 0311 0416 0613
the slopes of the curves are So Simjilar throughout the yeaer. it sois42 (imainis) 0430 0137 0720

that the raw of change frow one value to the oust within a give* 1000 1 otno 007 aone

beand is prigctically rho mawn from day to day. However. you will 0900 Noam
nowe that the big cheang in illuminatison. from starlight to well 070 JN n --

wict daylight, occurse at a difirenst time of day every day from Jun
to December. On 21 June it takin place (row 0244 to 0530 hours.
-berm~s ano 21 December it take PLace from 0557 to 0830 boum, Yearly Illumination at 76.5 0N LWttW*
It follows that the dairkert Levels on ocer side of this emep slope. The latitude of 76.5*N has bean chose, bearuse the northern-
end the lighter levels on the other, change in durasmn. from day
to day. Hegame, it follows that the nights are roughly 51'i hours long m~ost large Settlement on the earth. Thule. is at 76.5 'N, and alt

in aiidsumifi~ compared to 12 hours log$ in midwinter. because it was at Thule. in 1946, that the write collected a Large

Toe amost noticeable diffegrence beriween days throughout Lb quantity of data on the illumination, without whbich there Natural
year is the amnount of light that obtains a~som jone *ag~e fre;gous Ifluegjoation Cherm would progbably nerver have baea Prepared-

of diffegrent daya. Although some difference occur at this loird The own amatitig thing about the illumination at Thule, or

a aud the noon hours, the big diffegrences occur within tw hours any Place else extremely far tiarth or extremely far South, is the
(Plus or mirausl of sunrise or Sunset. For example, matak the hour smnall change aver long periods of time in midsummger and agpin
0530 (or 1830. wh~ch hass the Seine light saluesl. On 21 lDrc-tibet in midwmnttr -the eseemingly endless light in midgrummger end the

a( this latitude "when the day is clear." the light is slightly lee antlless darainess in midwirter.
ihas 5 X 10'~ Ic. Wheras.& at 21 June there will he 10 to 20
million times that amount of illumination at 0530 hours.

I0
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At much seat-polar place the sue go= aoound the horison in a But even this changte froca starlight to moonlight sod back to
peaOtl sloping plante sraher that namply up. over. snd down. At starlight spin day aftet day after day becomes very tiresoome Ac.
Thule the plane slopes only 13.5* from the horizontal (fig. 9). compenying this rather slight variation in illumination is the
Whben this whole, plans is 10 or momg above the horizon, as it is general nawussfe of the tus-roundiag scenery. Without the moon, the
in asidsizamer (Ak fig. 9). the light of one day rnans right into light that exists is so diffuse that the world is aimost cumnpletely
that of the amt one without mutch appeeciable change. shadowlems. Add to this the uniformly white blanket of snowi which I

The sn'ns clinb from midnight to noon saene vMr slow and, lies everywhete and frequently fills the @it as well, aod one can am
when noon finally comes, with the sun's rays slanting down fromo how eerie the pole light of the long winter months can be.
37%. it is hard to realize that here is the highest sun of the year Still there is great variety in the light at Thule, Greenland.
sod the lightmer it eve gets. Unlike the tropics, hera there are four disitioncly different types

The difference betwee 101$ fc at midnight and 5W6 fc at con of days as (at as broad light levels go:
is really not very large. One thousand foot candles is about the .ayghonwentesnsysctiuslabv:e
light that exists when there is a high fog obscuring the 'sun's disc boio. Talihis ocur, fhen t24 Apri toy 19 Atugutud abog. 9, tD)

during the first week of September arcoud 10 a. to. in Seo Diego. 2-itn Thnigh andurs iih ny from 2 0 pi o1 August tog 9. OBctber

Califotnia; 5660 fc is the light experieced at kick-off time on a and Sur igh srons 1 twMarcht tony 23 o April.t Ocobr

typical clear, cool football day in Chicago.anspnfo 10Mrht23A il

The difference between 1000 and 5600 fc accompanies a change 3. Sunlight, twilight. and night, from 6 October to 30 October.

in the sun's altitude Ironm 100 and 37' at York. Pennsylvania. for and armi (rose II Februsary to 9 March.Or
extample. between 0745 and noion of a cdear day when the sun 4. Twilight aod night only, from I November to 10 February

risms around 0645. A person in the United Sctaes can experience (g *j.M oeta vni~mditrteeaea es
about thi s ame change by walkinag acroew she street from the shaded fout boun of nautical twilight. weather permitting 'plate 42).

side to the st-ony side in the middle of the afternoon. On 24 April the sun rises but does not set.
Since there is a great deal of fog and overc~as all along the On 19 Augi.st the sun does not rise, but tam.~sZ

western cvast of Greenland during the summer, the monotoniy of From 20 August to I November, and again from 11 February
nearly constant light is even more pronounced. for fog and low to 23 April. the sun rime and amts
stratus clouds have an evening effec. On the other hand, when cold Like every other plase on the earth. excepting within a few
fronts move through and anti-cyclonic conditions prevail. the sky degrees of the poles themselves, the run is above the horizon and N,
dears to an intense blue overhead that is truly breathtaking and below the horizon for equal periods on the equinoxal dates: 21
the visibility of mountains l00 miles or mome distant is restricted March and 23 September (fig. 9, FO,.
only by the altitude of the observer. A claring also changes the Table 7 is a summairy of the range of illumiussion throughout
geometry of the lighting, pioducing sharper and mrore contrast)' the year. It does not allow for the equation of rimee nor the longitude
scenes, long shadows, and more mouch more color. The evlo ih. time correction factor for Thule. In table 7, 11 February and I No.
however, doesn't change appreciably. october are Lho,.n ". e~siplrs because on It February the firi

Between 1 November and 10 February the sun does not rise sunrise of the year can occur and on I November the last. On thesew
at Thule. Greenland. as shown in figure 9 (JK.LM). During six dates, the declination is about 14.3' south (fif. 9. JK).6 The sun
weeks of this period, bewtwee the first of DEicember and 13th of rises and sets very nearly due south on these dates. On the other
January. when the sun stays below -8' the light is moat monoto. ha"4 around 24 April. the sun rises almost due north and does not i%, %;

nous. (Incidentally, the thermometer stays well below at this time wet. On 19 August it stmartssting again, due north (fig. 9. CD). %ý

moon.- the light at midday is at leas equal to that of a high, bright. If tiso dodinassnc am'Srs beforre seen on 50 February. there will he%
a severn It it occurs asetw 005 as oo Nirviembe. the tas wiull rise that day

full mooon, aLso. it ooi (antsd--at a a slight variation each yee). the tno won~ im.u unul w

I I Febrary or aftm 31 Octobet.

TABLE 7. Illumination on selectedl days at 'Mule, Greenland 76.5*N.

Watmiastons Ilet
24 Aprid sod

I I ebruiary sadl 19 Aiiuas 5t'~
INovemiber 21 March sand Stursoad

21 December irose sod Last 23 Septemiber "a of Coa. 211jue V
Time Md..aiter Days of Sseriur Equiaos burneis Sun KM LWmuin.. 0

iboun) lracL 23.5'(C) Deic. 14.5'(C) Dec10' Decl.12.7*(S) t~nd.23.V1St

Mdacabs 3.5 x 10-4 3.4 x 10--F 2-9 X to-i 4. 1050:
0200 3.5 X to-s 3.6 xc 10-5 1.1 X 10-8 101 1250 ~*
0400 3.4 x 10-i 4.3 X 10-5 1.4 x to-s 312 194S t%

060n 3.9 x 10-1 2.3 X s0-- 68 13-4 3015
0800 &.5 X o-i 6&3 x( 10- 621 2405 430
1000 9.7 X 10'" 10.2 1553 3265 53010 5,iie.0%
Noon. 4.1 X t0-1 42.1 1504 3640 5660 . ,P
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Yearly Illuminationt at the North Poek
It wwul ha misleading to my that at the North Poklevery

day is difermat during the two sixs.oth periods between 21 De-
m'w6` an 21Jn.its mis~ledng do to my that thetn are usi
astans af daylighit and sii month. of night. For any given day, the
light changes ant at all # ot the Iniuseca of the moon ot the

Aaltie.the men. when it can be sm. appears to my at

one plaea in the skry. Whe, theta ane raference objects around on
teits the sun appeems to go around the hanso (fg. 10) but noew,

up, orvef, sod down as we normally think of its doing. It tialta nearly
four days lot the suan to rise ot mt. It stays between 23* and 23.5%
its maxssuas altitude. for usi weak..

Independent of the mocons influence. the type of light coarli-
tions that do ocur at the North Pole are as follow":

Full night only 14 Novemrber to 29 January
Astronomical twilight 3.0 January to 17 February
Nautical twilight 16 Faebuar to S March

Civil twilight 6 Match to IS March

Hfighint Sun (3100 fc) 10 June to 3 July
Sunset 21 Septembe to 25 September
Civil twilight 26 September to 9 October
Nautical twilight 10 October to 2S October
Muioommaia twilight 26 October to *. November

(See also "tbl 3).

CONCIAISION
Is conclusion. I'd like to menction a fcw of the false impraesions

that coy people acquired when they were childmw and which,
unfortunately. Many of us retained for ton long a timne.

1. It is wrong to rafer wo the quantity of light in broad terms
of C~am ot day only. such as 10 minutee alter sunea. or 30 minute
before dawn. Foe at 30 minume before dawn the light con be sany-
thing from one-tenth of a foot candia to 50 foot caticllas, depending
on the time of yeau and the plato you ame talkaing about.

2. Days cannot just he divided between day sod night. The time [
of year and the latitude of the place, as well as the hour of the day.
aeffc wide variations in the altitude of the sun and hence, the light.
There are a wide variety of type of days and types of nights as
I as as light is cnocernami. from the equator to the poels - tome all

dark. some all twilight, and to on.
It is not always dark ot twilight below the surface of the eta.

The light within the me varies greatly and depends on a number
of thiugs. The amount that entens the sm depends in large pert
on thes amount teaching the surface from above. so that the charts
contained in this hook may he a guide to tome degree in visualizing
the light within the sea at shallow depths.

3. It is wrong to consider merely 008 value for starligMt. one
value fot moonlight, one for twilight, or one for daylight, sioce
in each co the illumination ranges over a wide stale of value,.
Sea the disc~usiton of illumination le-vels (p. 5) and table 3.

A. It is false to my that thene ate six months of daylight and
six months of darkness at the North and So-- . Poles. 1

5. To the common expression. "it tlw.,j secams darkest jusr
before the da..o,- should he added s" .acually it never is, you
knwe."
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